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S U M M A R Y 
Attention is drawn to the confusion which surrounds the 
concept of nutrition status and the problem of selecting an 
optimum subset of variables by which nutrition status can best 
·be assessed is defined. 
Using a multidisciplinary data set of some 60 variables 
observed on 1898 school children from four racial groups, the 
study aims to identify statistically, both those variables 
which are unrelated to nutrition status and also those which, 
although related, are so highly correlated that the measure-
ment of all would be an unnecessary extravaga~ce. 
It is found that, while the somatometric variables pro-
vide a reasonably good (but non-specific) estimate of nutri-
tion status, the disciplines form meaningful groups and the 
variables of the various disciplines tend to supplement 
rather than replica~e each other. Certain variables frdm 
most of the disciplines are, therefore, necessary for an op-
timum and specific estimate of nutrition status. 
Both the potential and the shortcomings of a number of 
statistical techniques are demonstrated. 
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CHAPTER 1 
INTRODUCTION 
The term nutrition status is a familiar one to the bio-
logist and, indeed, most laymen have an intuitive feeling for 
its meaning. There are, however, few terms in the biological 
literature which have so persistently evaded concise defini~ 
tion. The term means different things to different people. 
The clinician will gauge nutrition status by the presence or 
absence of a variety of clinical signs and symptoms;. the 
anthropologist thinks of the extent to which body measurements 
descriptive of size and shape conform to an ideal; the bio"'" 
chemist envisages the concentrations of various biochemical 
entities measured in the blood and urine; the radiologist 
would thin~ in terms of the degree of bone development as 
revealed by an X-ray photograph, while the dietician, associa-
ted with the most directly measurable aspect of nutrition sta-
tus, thinks in terms of the adequacy of ,ingested nutrients. 
Will a concept as diffuse as this yield to statistical treat-
ment? Is it possible, on the basis of the above-mentioned 
disciplines to produce a unique, coherent definition? This 
thesis represents an attempt to do so. 
In broad terms the assessment of nutrition status implies 
the evaluation of a certain complex set of characteristics. A 
large number of variables, purporting to measure these charac-
teristics and representing many different disciplines have 
been put forward. The problem is to know which of the varia-
bles are really important. Some may in fact merely represent 
"noise" and have little or nothing to do with nutrition status. 
Others may well be important, but two or more variables may be 
so highly correlated that the information contained in the one 
is merely duplicated by the other and the measurement of both 
is therefore, an unnecessary extravagance. The problem is to 
2/ ..... . 
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choose that particular subset by which nutrition status can 
best be defined and assessed. 
An attempt to define the concept of nutr.i tion st.atus, 
and formulate an interdisciplinary procedure for its assess-
ment, must be based on observational data. Before an optimum 
selection of variables can be made, all those variables which 
may be eligible for selection will have to be measured on an 
appropriate sample. In drawing the sample, the following as-
pects must be considered. 
(i) Nutritional deficiency diseases are most prevalent 
in infants and young children. The sample should, 
therefore, represent these age groups. 
(ii) The variables measured may be sex-dependent, it is, 
therefore, clear that both sexes must be represented. 
(iii) For any results to be generally applicable, it must 
be proven that they hold for the different racial 
groups. It is, therefore, essential that each of 
the four racial groups in the Republic of South 
Africa be represented in the sample. 
In a series of nutrition status surveys carried out du-
ring the years 1962-1965 by the National Nutrition Research 
Institute+ of the CSIR, observational data were obtained which 
are highly suited for the purpose of such a study. 
+This Institute was subsequently disbanded and the team re-
sponsible for the survey work became part of the National 
Research Institute for Nutritional Dise.ases, S. A. Medical 
Research Council. 
3 I . .... . 
CHAPTER 2 
.THE PRETORIA SURVEYS 
2.1 Background and purpose of.the surv~ 
The nutrition status surveys were conducted on representa-
tive samples of Pretoria school children in the four racial 
groups. They were carried out by the Field Studies Division of 
the National Nutrition Research Institute, in collaboration 
with other Divisions. The author, then a member of the Natio-
nal Research Institute for Mathematical Sciences of the CSIR 
was responsible for the statistical planning of the surveys 
and the analysis of the results~ The statistical planning of 
the surveys has been published in detail (see Fellingham, 1966). 
Certain aspects, necessary to an understanding of the present 
study will briefly be repeated here. 
The surveys were done with the primary purpose of studying 
techniques and evaluating criteria for carrying out nutrition. 
status surveys. Such techniques covered the whole range of 
problems that might be encountered in survey work, including 
the initial planning of the survey, the drawing of a represen-
tive.sample of children, the obtaining of biochemical samples, 
the clinical examination of the children~ the obtaining of re-
presentative food samples, the relevant chemical analyses and 
finally, the evaluation of the results. 
It was accordingly decided to observe as many somatometric, 
clinical, biochemical, haematological, radiological, dietary, 
socio-economic and other variables as was practicable. From 
this mass of information it was hoped that it would be possible 
to sift out those variables that would furnish the most useful 
parameters for describing the nutrition status of the school 
child, and that on completion of the Pretoria schools survey 
the survey procedure could be streamlined and simplified so as 
to facilitate future surveys conducted on a nationwide scale. 
4 I ...... . 
4. 
2.2 The Population 
2 .2 .1 White children 
The White primary school children of Pretoria were the 
first surveyed. Although it was considered desirable to study 
as young an age group as possible, pre-school children had to 
be excluded from this pioneer survey since the practical diffi-
culties involved in their inclusion would have been too great. 
The White primary school children on the other hand, appeared 
to constitute an ideal group for a nutrition status survey 
since school attendance is compulsory for Whites and the entire 
child population in the younger age group (barring abnormal 
children) is, therefore, .listed on the primary school regis-
ters and easily accessibl~ at the schools. 
The survey was conducted on all White school children of 
both sexes in the age group 6-15 years who at the time of the 
survey were attending schools in the Pretoria area. This area 
was defined as the geographical region, excluding Voortrekke_~­
hoogte, lying within the (pre-1964) municipal boundaries of 
Pretoria, together with any peri-urban area not separated from 
these boundaries by an uninhabited tract of land. This area 
71 
was selected as defining a reasonable homog~nous population 
group. White children in the age group 6-11 years were sur-
veyed in 1962 and those in the age group 12-15 years in 1965. 
The fact that .the 12-15 year old White children were surveyed 
3 years after the 6-11 year old group presents certain statis-
tical problems, since the 12-15 year old children of 1965 
would constitute the same population (with the exception of 
children who had left Pretoria or newcomers who had arrived)' 
" 
as the 9-12 yeai old children of 1962. The reasons for this 
situation and the disadvantages inherent in it have, however, 
been ·discussed by Fellingham (1966). Since it is unlikely to 
have an adverse effect on the present study, they will not be 
repeated here. 
5/ .....•. 
5. 
2.2.2 Non-White Children 
In 1963 the survey was extended to Bantu, and in the fol-
lowing year, to Coloured and Indian children, sufficient ex-
perience having been gained from the survey of the ~~ite child-
ren. • The population for each of these non-White race groups 
was defined as children attending schools in those areas ~hose 
working population was in the main, employed in the defined 
Pretoria area. Whilst school attendance is not compulsory for 
the'non-White race groups as it is for the Whites, according 
to the school a~thorities an estimated 80-90% of all Bantu 
children in the Pretoria area would have commenced attending 
school by the time they reached_ the age of 8 or 9 years. In 
the case of the Indian and the younger Coloured children, the 
attendance was believed to be in the region of 100%. Since 
very few 6-year old Bantu children attended school, this age 
group was omitted in the survey of the Bantu. For this reason 
the present report deals only with children in the age range 
7-15 years. 
The population sizes of the four racial groups are pre-
sented in Table I. It can be seen that the Bantu population 
was approximately as great as the corresponding White popula-
tion, whereas the Coloured and Indian populations were only a 
small fraction of that size. 
2.3 Sampling Procedure 
After consideration had been given to a number of samp-
ling techniques it was decided to draw a simple random sample 
from each population as defined above. Since many of the 
variables observed would be influenced by the age and/or sex 
of the child, it was further decided to stratify the sample 
in respect of both age and sex. Further sampling details are 
described in terms of the 1962 survey of White primary school 
children. The procedures used in the other surveys were basi-
cally similar with the exception of certain differences which 
will be pointed out later. 
6/ ..•.... 
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7. 
In order to obtain a simple random sample of the primary 
school children it was necessary that within an age-sex cell, 
every child should have the same probability of being drawn. 
Since the distribution of the children, over the age-sex cells 
was not too disparate (Table I), it was decided to draw a cGn-
stant number of children from each cell. The miscellaneous 
character of the variables selected for measurement and the 
consequent variation that could be expected in the standard de-
viation, made it very difficult to come to any valid conclusion 
as to the required sample size. On the basis of previous ex-
perience in isolated surveys carried out by the NNRI, it was 
anticipated that 30 observations would probably be adequate per 
age-sex cell. This figure of 30 allowed for a possible further 
dichotomy of each cell on the basis of some observed variable, 
e.g. socio-economic status. In view of the somewhat rigorous 
demands that the survey would make on both parents and children, 
it was decided to allow for a nonresponse of 50%. Thus a maxi-
mum of 60 children per cell would be drawn. 
For each survey, teachers of individual classes at each 
school were requested to enumerate the number of boys and girls 
in each age group. For each age-sex group a one-to-one corres-
pondence was then set up between each enumerated member of that 
group, and a serial list of numbers. From this list, random 
samples of the required size in each age and sex group were 
drawn with the aid of random numbers. The sampling was sequen-
tial, so that, although a maximum sample size of 60 per cell 
was catered for, the survey could be stopped before the planned 
end and still provide a reasonably random and representative 
sample of the population. This objective was attained by draw-
ing a sequential random sample of the schools, on the basis of 
which the schools were arranged in a random sequence. For 
practical purposes certain intervals were selected within the 
random sequence. Within any interval the schools could be 
visited in any convenient order, but all schools within a cer-
tain interval had to be completed before schools in the next 
interval were surveyed. 
8/ ...... . 
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After the schools within each interval were completed an 
.. , 
analysis was made to determine whether a sufficiently accurate 
estimation of the desired population parameters could be made 
for each of the variables observed. For this purpose it was 
assumed that each of the variables was normally distributed 
and the following formula for large populations (see Sukhatme, 
1954) was used: 
Where 
n > 
F lin -1 (a) 
1 
s 2 
1 
n = existing sample size 1 . . 
x = mean 
1 
S = standard deviation 
1 
( l) 
lOOs% is the maximum percentage deviation from 
the(true) population mean~ that can be 
tolerated. s was chosen as 0.10 
a = level of uncertainty, and was chosen as 0.05 
F = the appropriate F-value with l and n - l de-
l 
grees of freedom 
n = estimated new sample size for which it will 
be true with 100(1- a)% certainty that .the 
new sample mean x lies within lOOE% of the 
n 
population mean ~, i.e. that P{ JX: - ~ f > ql} 
n ·-
= a. 
For the 1962 White survey it was ascertained by means of 
this procedure that when approximately 25 children per age-
sex cell had been surveyed it could be stated with 95% certain-
ty that in the case of most of the variables, the observed 
(sample) mean for a given variable lay within 10% of the true 
population mean. By this time, however, the practical machi-
nery of the survey was in full swing. It was clear that 
little financial saving would result if it were stopped at 
9/ • • • • • • e 
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that stage. It was, the refore, decided to continue until all 
schoo l s had been surveye d, thus attaining the highest possible 
degree of precision. The number of children actually surveyed 
on whom the present ana l yses are based are presented in Table 
II. 
In subsequent surveys carried out on the Bantu, Coloured 
and Asiatic primary school .children (1963-1964) and on the 
older White children (1965) a similar sampling procedure was 
used in each case. In the surveys of the Bantu and older 
White children formula (1) above was again used to ensure t hat 
adequate sample sizes were drawn. Owing to the much smaller 
size of the Asiatic and Coloured populations, these could not 
be regarded as approximately infinitely large and population 
size was taken into account when determining sample size. For 
this purpose the followi n g formula for finite populat ions (see 
Sukhatme, 1954) was used: 
n > 
where A = 
A 
1 ~ (l/N)A 
Fl;n - l (a ) Sl z 
1 
N = population size 
( 2) 
All symbols are as p reviously defined for equation (l) 
above. 
In each case the fu l l sequential sample of schools was 
completed and the minimum sample size for the grea t maj ori t y 
of variables was exceeded for each survey. In the se survey s 
it was possible to make a more accurate assessmen t of the an-
ticipated response. A s ummary of the es timated response, the 
sample sizes drawn, the n umbers actually surveyed and the 
true percentage response is given in Table III. 
2. 4j . ..... . 
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2.4 Representational value of sample 
The extent to whi ch the sample will (wi t hin the l imi ts o f 
chance variation) be r epresentative of the population, wil l de-
pend on t hree fac to rs viz. the sample size , the extent to whi ch 
the sample is unbiase d , and the response t o t he sampl ing . 
These are discussed below: 
2.4.1 Sample size 
According to the tests carried out by mean s of formula 
(1) above during the 1 962 survey of the younger White children, 
it was found that (ass uming the variables to be normally dis-
tributed) one could state with 95% certainty that after about 
25 children per age-sex cell had been surveyed, sample means 
for all except 8 of t he variables deviated by less than 10% 
from the corresponding true population means. The variation 
in those variab le s which did not comply was, howe v er, s o great 
that an increase of 20 children in each age-sex group wou l d 
have probably been necessary before the real population ave -
rages could be es t imated within a n accuracy of only 20 %. I n 
general, the sca t ter i n values for each v ariable obse rved in 
the non-White s urveys, and in the White survey on older chil -
dren, proved to be of a similar order to that found in the 
first survey. It can, therefore, be stated t hat, for the ma-
jority of variable s, the n umbers surveyed were more than ade -
quate in all five surve ys for accurately estimating the popu-
lation averages on each age-sex group. 
2.4.2 Bias in sampling procedure 
Since the sampling procedure was such that e a c h child in 
a given age-sex group of the population had a n equal p r ob abi -
lity of being drawn, t he sample should be free of bias . The 
percentage of t he popula t ion actually surveyed is shown in 
Table IV. It can be seen that the probability of t he c h i ld 
being drawn varied somewhat from one age group t o a nothe r, 
since / ... . .. . 
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since the number of children in each group was not cons t ant . 
This was more noticeable in the case of the Ban t u a nd Co l oure d 
groups where there was a marked . falling off i n t he n umber o f 
children in the older age-groups (Table I). The fluctua ti on ;J 
in the percentage sampled, however, remained wi t hin reasonab le 
limits (Table III). 
In general, the sampling procedure for t he White and 
Asiatic surveys and for the Bantu and Coloured children of 
7-11 years should yield a reasonably unbiase d sample. The re-
presentational value for the child population as a whole, o f 
the samples of the 11-15 year old Bantu and Coloured groups, 
is affected to some extent by the fact that not al l children 
in these age groups were reached in the samplin g. Sin ce it is 
likely t hat the socio-economic factor determi nes at what age 
or standard the child leaves school, it is probable that the 
samplin g of these age-groups will have been biased to s ome de-
gree in favour of the children of the more affluent families, 
and that t he nutrition al picture which is obtained ma y be a 
somewhat optimistic one. The only way that this bias in a 
sample coul d h ave been corrected would have b een t o sample 
both the non-school-going and the school-goin g childre n in the 
older age groups. This was not practicable at the time a n d 
although the bias in favour of the more well to do families 
will clearly affect the representational value of the data, it 
is no t like ly to have any marked effect on the i nterre l ation-
ship between t he variables with which the present study is 
concerned. 
2.4.3 ResEon se t o sampling 
I t can b e see n from Table III t h at t he response f or a l l 
the racial groups was exceptionally good. 
White children from 66 % in 1962 to 84% i n 
It varied for the 
1965 (bo th s exe s) . 
The response for the Bantu and Asiatic surveys lay betwee n 
these two values, whilst the response to the Coloured survey 
(86 %) exceeded that of the 1965 White survey. In view of the 
15 1 . ..... . 
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considerable demands made on both parent and chi l d, these fi-
gures are surprisingly good and the representational value of 
the surveys should be little affected by the non-response. It 
should be noted that the figures for non-response va ry some-
what from those published by Fellingham (1966). In the prese nt 
study only those childr en have been included for whom a com-
plete se t of data in respect of all variables t o be considered, 
was available. In the 1966 report a few children were included 
who did not respond in respect of the dietary and socio-
economic surveys, the results of which were not available at 
that time. Also, the 6-year old children have been omitted 
from the present study. 
The above comments on the efficiency of the sampling pro-
cedure are applicable to an independent consideration of each 
survey. When, however, we consider the data for all racial 
groups in Pretoria in the age groups 7-15 years, t he time lapse 
between the surveys should be taken into account. Also , whe n 
comparing the two White surveys, it should be remembered that 
the 12-15 year olds that were surveyed, were actual ly t he same 
population as that surveyed three years previously. Wh i lst 
these aspects may well a f fect a comparison in respect of a cer-
tain parameter or set of parameters between the various racia l 
groups or even between the younger and older White children, 
it is, however, unlikely that they will have any serious effect 
on the interrelationship between the variables wi t h which the 
present study is concerned. 
2.5 Nature of recorded variables 
The variables available for the present i nve s t i gati o n 
were recorded on 1898 children in the four racial groups. I n 
all,l54 variables were recorded. A complete list ing of t he se 
variables showing the coding schedules and key t o t he c od ing, 
comprises 34 pages and is available on request. Of the var i -
ables, 23 were not recorded for at least one of the four ra-
cial groups and could, therefore, not be used in the present 
analysis. The remaining 131 variables were observed for each 
16 / ...... . 
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of 189 8 children. Of these 8 give ge neral in f o rma tion such a s 
race, age, sex and school. There were 15 die t ary var iab les , 
30 socio-economi c variables, 11 somatometri c vari ables , 22 bio-
chemi cal variables, 9 haematological variabl es , 28 c l inical 
characteristics and 8 clinical syndromes whi ch con s t i t u te a 
summary of the clinical characteristf cs. 
The bulk of the socio-economic variables were c l ass ifica-
tory in nature and not relevant to the pre s ent inve s tigat ion. 
From those socio-economic variables relating to f amily si ze, 
income, and expenditure an index of socio-economi c s t atus 
(rate / head/day) was calculated and has been used i n t he pre-
sent analyses. 
The clinical variables were mainly classificatory in na-
ture. The treatment of such variables presen ts special pro -
blems out side the scope of the present r e po r t . They have , 
therefo r e , not been dealt with. All t he re l e vant var iables 
in the remaining disciplines have been s t udied. A complete 
list of all t he variables upon which t he r e po r t i s bas ed show-
ing the units i n wh ich they were measured , is given in Table V. 
At the present time the basic s t atis t ical a nalyse s app lied 
to the data have been completed and the results have been i ndi-
vidua l ly reported for each discipline i n the fol l owi n g publica-
tions: Van der Merwe e t al . (1965); Smi t (1 965) ; Du Ple ss i s e t 
al. (l965a & b); Lubbe, and Pretorius (1965); Oudkerk (1965 ) ; 
Potgieter (1965); DuPlessis et aZ . (l9 66 a, b & c ); Smit et aZ . 
1967a & b); Potgieter and Fellingham (1 96 7 ) ; DuP less is (19 67); 
DuPlessis et aZ . (1967a & b); Neser (19 6 8a & b) ; Lubbe (1968); 
Stead (1968); Smit (1968) and Louw et al. (1 969 ) . 
At t he interdi sc i plinary level, a s tepwise r egr e ss ion a na-
lysis has been done on the relation shi p be t we en the i n t a ke o f 
the various nutrients and certain biochemi cal variables (see 
Fellingham, (1969) ; Louw et aL (l969)) . Apar t from t hese a na-
lyses, nothin g in the n a t ure of a multidi scip l i n ary study h as, 
17 1 ...... ~ 
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TABLE V LI::;T OF VARIABLES DEALT WITH IN THE ANALYSIS, AC CORDING TO DISCIPLIIIE 
IDENTIFI CATION 
l. (l) Race 
2. (2 ) Ago (years) 
3 . (3) Sox 
DU:TARY 
4, (I ) Animal protein (g) 
5. (2) V•ge table pro t~ in (g) 
€ . (3) Mix ed pro tei n (g) 
7. (~) Calories (kilocal) 
8. (5) Pro t e in (g) 
9 . (6) Fat (g) 
10. (7) Carbohydrste (g) 
ll. (8 ) Calcium (mg) 
12. (9) Phosphorus (mg) 
13. (10) Iron (mg) 
1~. (ll) Vitamin A (I.U.) 
15. (12) Thiamine (mg) 
16. (13) Riboflavin (mg) 
J.7. (14 ) Nicot inic acid (mg) 
18. (15) Vitamin C (mg) 
SOCIO-ECONOMIC 
19. (l) Ra te/head/day. (R/D/H) 
SOI'lATOI'.ETRIC 
20. (l) Weight (kg) 
21. (2) Height (em) 
22. (3) Cr ls tal height ( ~m) 
23 . (4) Inte r cr i3tal width (em) 
24. (5 ) Biac r omial width ( ccn ) 
25. (6) Ulnar length (em) 
26. (7) Uppe r arm ci rcumference, arm bent ( em) 
27. (8) Clllf circ•Jmference (em) 
28. (9) 
29. (10) 
30. (11) 
Tr ! eep~ akinfold thickneaa ( mm) 
Subscapular skinfo l d · thi ckness (mm) 
Para-umbi Heal skinfold thi ckness (mm ) 
BIOCHEMICA L 
31. (l ) Cholesterol (mg pe r lOOml serUJ!l) 
32 . (2) Phospholipids (mg pe r lOOml serum) 
33 . (3) Cholesterol /Phospholipids (ratio) 
34. (4) Alkaline phospha r.ase (King-Arms t r ong units/lOOml s eru:n ) 
35 . (5) Inorganic phospho ruo . 
36. (6) Amylase (SOMOGYI units per lOOml serum ) 
37. (7) Urina ry amyla~e/crea tinine 
38 . (8) Vitamin A (mic r ograms pe r lOOml aei'Ilm) 
39 . (9) Carotene (micrograms per lOOml serum) 
40. (10) Thiamine (urinary mic r ograms per gram crea t inine) 
41. (ll) 2- Pyridone (ur ina r y N' - mBthyl - 2- pyr i done- 5-
carbo xylamide, mg per gram crea tini ne ). 
42 . (1 2 ) N' -Me -(ur i nary II' - me thyl nicotinamide , mg 
per gram creatinine ) 
43. (13) Urinary pyridone/11' -Me 
44, (14) Total protein (grams pe r lOOml se rum) 
45. (15) Albumin (grams pe r l OOml serum) 
46. (16) Globulin (grams per l OOml s e rum ) 
47 . (17) a-globulin (grams per lOOm! serum) 
48. (18 ) 13-globulin (grams per lOOml se rum) 
49. (19) ¥-globulin (grams per lOOml serum) 
50. (20) Albumin/Total Prote in (%) 
51. (21 ) ¥-globulin/ Total protein (%) 
52 . (22 ) Riboflavin (urinary , micrograms per gralt c reatinine) 
HAEMATOLOGICAL 
53. (1) Haemoglobin (ftl,) 
?4. 
55 . 
(2 ) Sedimenta tion ra te (mm/hr) 
(3) · Haematocrit (%) 
56. (4) l'l.C.H.C. (%) 
57. ( 5 ) White cells x 10- l 
58 . (6 ) Diff. coun t : Neu t rophils (%) 
59. (7 ) 
60 . (8) 
61. (9) 
Mono cy tes (%) 
Lymphocytes (%) 
~:os inophils (%) 
18/. ~ ..... 
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as yet, been carried out . Little, if any progress has been 
made in selecting, on a mul t idisciplinery basis, a subset of 
those variables by which nutrition status can best be define d 
and observed. 
2.6 The analytical problem 
We have then, a certain complex characteristic called 
nutri tion stat us, measure d in terms of 61 measureme n ts, repre-
sentin g no less than six different disciplines . We wish, in a 
multidisciplinary sense to select a small subse t of the vari-
ables by which nutrition status can best be defined and as -
sessed. There are two b a ses upon which variables can be eli-
minated: 
(i) Certain variab l es bear little or no relat i onship to 
nutrition status and may be regarded as '' noise ~ 
variables. 
(ii) Certain var i ab l es are very much affected by n u tri -
tion stat us but are so high ly related one to the 
oth e r that the measurement of all is an unnecessary 
extravagance. 
The problem presents both logical and statistical diffi-
culties. Firstly, we hav e no outside criteria apart from our 
measurements to tell us wh i ch child has a sati s facto ry nut r i -
tion status and which does not. Had we such an external cri-
teria the problem would h ave been reduced t o a straightforward 
-----------statis tical exercise. We are, in fact, requiring from a set of 
observed vari ables, that the variables themselves t ell us which 
are important and which a re not. Secondly, we mus t note that 
any selection o f variables based purely on an a n a lysi s of the 
variables of each discipline indivi dually, is likely to differ 
from a selection based on an analysis carried out s imultaneous-
ly over all disciplines. This i s impo r tant , for it would ap-
pear that the bulk of criteria for the assessment of nutriti on 
status pu t forward to date, have been chosen on a unidis c ipli -
nary rather than a multidisciplinary basis. 
19 I . ..... . 
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Although no outside criteria of nutrition s t a t us i s avail -
able, there are certain characteristics, germane t o the pop ul a -
tions from which the sur vey samples were drawn, or to the var i -
ables themselves, which may be useful. For e xample, f our d if-
ferent population groups have been measured wh i ch a r e k n own to 
differ widely in terms o f socio-economic stat u s a n d hen ce p ro-
bably als o i n terms of n utrition stat us. A di cho tomy of t he 
- variables can be made i n to those related to c ause , ("ca usal" 
variables) and those which described a consequence ("con se-
quential" variables) as follows:-
CAUSAL VARIABLES 
Socio-economic 
Dietary 
CONSEQUENTIAL VARIABLES 
Soma t ometr i c 
Biochemica l 
Haematolog i cal 
Cl ini cal 
The two sets of variables on the lef t are the on l y ones 
which can bring about or maintain any part i cular n utri tio n 
state. Those on the right serve only to describe s ome o r 
other -effect. It should ,furthermore, be born i n mind tha t 
the variables have been measured on children whose ages range 
from 7-15 years. This was fundamental to the purpose of the 
survey as many of the parameters measured change wi t h age. 
It does, however, also p resent a potential pi t f al l, s ince two 
variables may be highly correlated, not because o f a ny rela-
tionship between them, but simply because they are both de-
pendent upon the age of the child. For a truly optimum selec-
tion of the "best" variables it is clear tha t the cos t o f 
measuring the variables should also be considered. I t would 
clearly be more advantageous to measure six variable s i f t he se 
could be observed cheaply, than to measure t wo variables if 
the measurement proved to be extremely expen sive, e ve n i f the 
two provided the same information as t he si x . I t wi ll be 
clear that the cost is closely related to the di s c ipline . 
The variables associated with some disciplines, e.g. the soma-
tometric variables,can be readily observed at i n significan t 
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cost. The assessment o f nutrient intake, on the other hand, 
is extremely laborious and costly. 
In the first insta nce an analysis of the data will be 
directed solely at the information content of the variables, 
irrespective of the cost of making the observation. After a 
choice of variables has been made on this basis, the cost as-
pect will be discussed. 
It can readily be seen that of the existing multivariate 
statistical techniques no single one is ideally suited to the 
problem. For this reason a brief review will be given of 
available multivariate s tatistical techniques, with the empha-
sis on the logical conce pts underlying their application. 
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CHAPTER 3 
REVIEW OF APPLICABLE MULTIVARIATE STATISTICAL TECHNIQUES 
3.1 Technique s for studying the interrelationship between 
two sets of var iab les 
Suppose we have observed the variables y 1 , y 2 , . . . y 1 p 
x 1 , ... xn where y 1 to yp can be identified as response vari-
ables and x 1 to xn as predictor variables. If the se t of re-
sponse variables contains only one member y (the so-called 
dependent variable), we have the well known problem of multi -
p le r egres sion analy sis. If that subset of the predictor 
variables is required, which best predicts the res ponse vari-
able, the problem is one of stepwise r egressi on ana l ysis . 
(Efroymsen, 1960). A measure of association between the re-
sponse variable and the predictor variables is given by the 
multiple correlation co e fficient. 
In the general case , where both sets of variab l es have 
more than one member, s e veral correlation s have been defined 
as measures of the relationship between the two sets. The 
best known of these is the canonical correla t ion c oe f fi cient , 
but a nurr~er of others h ave also been proposed. The general-
ised multiple correlation matrix (Khatri 1964) has the remark-
able property that nearly all other correlation coefficients 
follow as special cases (Troskie 1969). 
3.2 Techniques for discriminating between two cr more groups 
In this situation t he variables are observed on two or 
more groups of e .g. people. Suppose we have k groups o f in-
dividuals n 1 , n 2 , ... nk and on each individual we measure 
p variables x 1 , x 2 , xp. Linear discrimin anant funct ions 
of the variables can be derived which maximise t he variance 
between the groups as compared to variance within the group s. 
These functions provide a rule for allocating a new i ndividual 
to one of the k groups (Kendall and Stuart, 1966). I f it is 
known that certain of the variables measured are likely to be 
2 2 1 . ..... . 
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redundant and it is required to select the best sub se t for 
the purpose of allocation, this can be done by means of a 
stepwise discriminant analysis . (Efroymsen, 1960). In such 
an analysis, the variables are added, one by one to the dis-
criminant functions in order of their contribution to the 
discrimination between the groups. 
3.3 Techniques for studying the interrelationships amongst 
a set of variables 
The techniques of principal component a naly si s and fa c -
tor analysis belong to this group. The former technique was 
put forward by Pearson (1901) and Hotelling (1933), and has 
subsequently been dealt with in depth by a number of writers, 
see e.g. Anderson (1958); Seal (1964) and Kendall (1966). 
The latter technique stems from the work of Spearman (1904, 
1926), and a variety of different approaches have been devel-
oped, see Harman (1967). The two techniques are closely re-
lated but have somewhat different aims. A principal compo-
nent analysis is conceptually the more simple, s ince it is 
merely a 'breaking down' of a co-variance or correlation matrix 
into a set of orthogonal components or a x is, equal in number 
to the number of variables concerned. These correspond to the 
latent roots and accompanying latent vectors of the matrix. 
Suppose we have p variables x 1 , x 2 , ... xp measured on n indi-
viduals. A principal component analy sis attempts to combine 
these p variables into a smaller number of new variables 
which will provide almost all the information about the way 
in which one individual differs from another. A drawback of 
the technique, is that all measurements should be measured in 
the same units. If this is not the case, the original mea s ure -
ments are sometimes expressed in standard un its. 
In general terms then, the problem is to define 
2 3 1 . . . . . . . 
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Yl = all x l + al2 x2 + 
Y2 = a2l x l + a22 x2 + 
X p 
a x pp p 
( l) 
y 1 is chosen in suc h a way that it has the biggest possi-
ble variance, thereby r e presenting, better tha n any othe r 
linear combination of the x's, the general difference between 
the individuals upon whom the observations have been made. 
y 2 is chosen so as to be uncorrelated with y 1 and have 
the next largest variance, and so on. 
In matrix notation . the equation (l) may be writte n : 
y = A'X 
where: X = (xl, x2, X ) p 
y = (~l I y2, Yp) 
A = a. i = l, Pi r = l ... 1r p 
In order to illustr ate the relationship with factor ana-
lysis, this could be re- written as: 
X = BY 
where: 
B= (A')-l 
In factor analysis a definite model is assumed for the 
way in which the variables x. (i = l, ... p) are i n f luenced 
l 
by certain underlying f a ctors. It is assumed that eac h in-
dividual has a certain v alue for these factors f 1 , f 2 , £ 3 , ... 
fk (k < p) which are correlated but cannot be me as u r e d di -
rectly. The variables x . which can be measured, are a s sumed 
l 
to represent a linear f unction of the factors. 
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( 2) 
The quantities b11 are constants known as the factor 
loadings which indi cate to what extent the o b ser ve d varia-
bles x. are affected by the various factors. The s. ( i = 
l l 
l, 2, ..• p) are residual sources of variation wh ich only 
affect the observed variables x.. They are suppo s e d to be 
l 
independent of one another, and also of the f (r = 1,2, ... k) r . 
There are various methods for factor analysis whi ch inves t i-
gate how many factors s hould be assumed, an d e stima te t h e 
factor loadings b . .. (Lawley & Maxwell, 19 63) .. lJ 
As a technique, f a ctor analysis is conceptually fa r more 
involved than principa l component analysis. Although it has 
been practised in one f orm or another for about 50 years , i t 
still tends to generate mixed feelings in profes s i onal s t a -
tisticians. On the one hand, protagonists of t he techn ique 
have made far reaching claims as to its power. According to 
Warburton (1962): "A f actor analysis takes into accoun t all 
the relationships between all the variables i t s b a s ic 
purpose is to increase logical clarity and cogency by us ing 
a few independent terms ". The antagonists, o n the o ther hand , 
have doomed factor analysis almost i n discri minantly . Accor-
ding to Ehrenberg (1962): "Factor analy sis is techn ically 
underdeveloped and at times appears almost cretinous. Its 
practitioners seem to be largely unawa r e of t h e technical and 
methodological problems which they h a v e let t hemselve s in fo r. 
The techniques are confused, interp retive gui da nce is l acking 
and there is little one can do with t he numerical re s ult s" . 
The reader will have an opportunity to judge whe t h er the 
present study has been able to c ontribute a ny l ight on the 
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value of factor analysis. 
3.4 Technique s for dealing with data when it is not known 
whe t her they belong to category 2 or 3 above 
The technique of cluste r analy sis has been derive d for 
dealing with situation s when categories are not clearly de -
fined but are only suspe cted to exist . I t represents an at-
tempt e.g. to cluster s ubj ec ts into groups , so that in te r ms 
of the observed variable s, t h e difference s i n s ubjec ts be-
tween groups will be muc h larger than the differences within 
groups. Distinct cluste rs may the n corre spond with di s tinct 
biological categories. Suppose we hav e p var iab l es x 1 , 
... x measured on each of n sub jects. The prob l em may be p \ . 
represented geometrically as n points p lotted in a p dimen-
sional (variable) space. A cluster would t hen be a s warm of 
points. 
In order to perform s uch an a naly sis , a measure of the 
similarity be tween any t wo subjects i n r e spe ct o f the set of 
variables i s first requ i red . A number of such mea s ures have 
been suggested and the b e st one to choose will frequent l y de -
pend on the circumstance s. 
A second form of c l uster analysis, is one wh i ch a i ms a t 
clustering not subjects, but variables. That is, bringing to-
gether variables which measure the s ame s o rt of characteri st ic . 
Geometrically this cou l d be represented as p po i nts i n a n n 
dimensional (subject) s pace,(the variab les h a vin g been sta n -
dardised) . A distance measure betwe e n vari ab l e s is now re -
quired and me a sures base d on the correlat i o n coef f i cien t 
are popular. Th is form of clus te r a na l ysis i s some-
what similar to a princi pal component or fac t o r analysis, but 
is free of the stringent underly i ng as s ump t ions of factor ana-
lysis. Ball (1965), gives a detailed revi ew a nd an exten-
sive bibliography, but f ails to i ndi c a t e c l early for whi c h of 
the two types of cluste r ing a particular t echnique i s suited. 
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Computer programs have been written which automatically 
form clusters. In general, however, the technique is s till 
in a rather experimental stage and tends to be impracticable 
where a large number of variables have been observed on a 
large number of persons. 
3.5 Linear scoring systems 
These represent an attempt to combine the p-variable s 
x 1 ... xp into a single score and thereby reduce a mult i vari -
ate problem to a univariate one. Thus p measurements fo r 
each subject could be r e placed by the single measurement g , 
where: 
... + 1 X p p ( 3) 
If the subjects be l ong to different groups wh i ch have to 
be compared, the coefficients 11 ... lp are usually c h osen so 
as to maximise the v ari a nce between the groups as compared to 
that within the groups. In the cas e of two groups the linear 
score found in this way is the linea r discriminant fun c tion 
mentioned in Chapter 3.2. 
A similar applicati on of linear score s can be mad e when 
information is available on an ordinal scale . Suppose that 
subjects can be ranked i n respect of some attri bute on a p -
point scale from 1 to p, and that k different trea t men t groups 
have been assessed in t h is way. It is often convenient to r e -
place the p-point scale by a continuous variable takin g value s 
1 1 , 1 2 ... lp. First c onsider a set of dummy variables x 1 ... 
x , chosen so that if a subject is graded 3, he wi ll b e gi ven p 
the dummy measurements: 
X p 0 
In (3) above 1 1 ... lp are cho s en to maximise the sum of 
squares between treatmen ts, compa red to the sum of squares 
2 71 . ..... . 
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within treatments. The variable g takes a va l ue o f 1 1 fo r 
grade l on the p-point s cale, 1 2 for grade 2 and so on. Thus, 
the p-points of the scal e are replaced by p scores 11 , 1 2 ... 
l which maximise the t r eatments comparison. p 
Such linear scoring systems are examp le s of t h e gene ral 
technique called canoni c al analysis (see Seal, 19 6 4, Chapte r 
7) • 
3.6 Limitations of exi s ting techniques 
The above forms a c ursory survey of available multivari -
ate statistical techniques. In view of the stated purpose of 
the present report, viz. to select the most meaningful subset 
of variables for definin g and describing nutrition status, it 
will readily be seen tha t no clear cut appl ication e xists for 
any of the above techniq ues. We have no criteria o ut side t he 
data set itself of what nutrition status really i s . Thus, the 
techniques of discrimination or multiple regression analysis 
are not immediately applicable. 
No doubt the dimension of the probl em could b e reduced by 
the application of a principal component analy sis, and a new 
and smaller set of hypothetical variables formulated which best 
described the difference between the children on whom the ob-
servations have been made. The number of original me asurements 
which must be observed could, however, only be effect ively r edu-
ced if: 
(i) the first few principal components expla ined most 
of the variance (as reflected by the eigen val ue ) . 
(ii) high load ings (as reflected by the eigen vector s ) 
were found on on ly one or two variables f o r each of 
the first few components and low loadings on al l the 
others - a situation unlike to arise for b i ological 
variables which are highly interrelated. 
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The technique of factor analysis, although conceptually 
different from principal component analysis, . is mathemat i cally 
simil a r. A similar computationa l procedure can be followed 
except that the l's in the diagonal of the correlation matrix 
a re replaced by so-calle d communalities (the squared multipl E.. 
correlation coefficient s of e ach variable in respect of the 
rest). A ' r otation' of the factor matrix is then carried out 
in an attempt to achieve one or two high loadings for each 
factor with the remainin g loadings of that factor as near to 
zero as possible. This technique may hold s ome promise as i t 
should enable one to gro up the v~riables into categories and 
select the most important variable or v ariables in each cate-
gory for measuring a spe cific attribute. In the conte xt of 
assessing nutrition stat us, however, it may be extremely dif-
ficult to postulate in a dvance cert~in underly ing facto rs, the 
existence of which are b asic to the analysis. 
In general, a clus t er analysis would se e m promising , as 
this should be able to f orm clusters of subjects (in the vari -
able space) or variable s (in the subj ect space) under condi -
t ions whe re the se are o n l y suspected to exist. Thus, for ex-
ample, those variables could be grouped together which measure 
a speci fic aspect of nutrition status. In practice, however, 
as has been stated, such techniques are at present rathe r ex-
perimental. The application of a cluster a nalysis technique 
on some 60 variables measured on 1898 persons, would prove a 
major undertaking even for the high speed digi tal comput~rs 
available today. 
Whilst linear scoring systems might assist one in r epre-
senting a large number of variables by a single variable , the 
original variables, as i n the case of a principal c omponent 
analysis , would still have to be measured before this new 
variable could be calculated. 
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3 .7 Outline of the analytic approach 
In the light of the above, it must be clear t hat no singl e 
statis t ical analysis is likely to y ield a clear c ut and fina l 
a n swer to our problem. Since the variables we are s tudying b e -
long to many and varied disciplines, it is reaso n able that t he 
first step in the analysis should be to take a c lose look a t 
the variables of each discipline separa t ely. Armed with a 
better understanding of these variables, and h a ving o btained 
some indication as to which ones are i mportant within the con-
text of each respective discipline, we will then proceed to 
study the interrelationsh ips of the variables a cross t he va-
rious disciplines. Finally, we will pro ceed with an a n aly sis 
simultaneously involving all the relevan t v a r iable s. 
Lacking any external information, it is c lear t h at the 
variables within a parti c ular dis c ipline c annot , in themselves, 
tell us any thing about n utrition status. It s eems reasonable , 
t herefore, to determin e t hose variab l e s wh i ch best describe 
the way in wh ich o ne individual dif fers f r om anothe r . For 
this purpos e a principal componen t ana lysis is indicated . 
It could be argued t hat certain , a t l east, of the d i sc i-
plines, have already been individual ly repor ted o n in some de-
tail. This is particular ly true of the somatometric variab les 
and the biochemical variables wh ich have already been the sub -
ject of a number of publications (see Chapter 2 .6 ). 
These reports have, however , mainly b een concerned with 
describing the results obtained on each age-, s e x -, and rac ial 
group, for each variable, and in interpre t ing thes e res u l ts 
a gainst accepted b iological cri t eria . They reflect a b iologi -
cal rather than a statis t ical vi ewpo i nt and did not employ any 
coherent and uniform stat ist i cal procedure . 
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It is intended in the present report to see what i n f orma -
tion can be derived from the data by objective statistical 
treatment. Having deri ved certain results, note will than be 
taken of the extent to. which these results compare with cur-
rent biological knowledg e of the subject. 
Chapter 4/ ..... . . 
CHAPTER 4 
THE INFORMATION CHARACTERISTICS AND PRINCIPAL COMPO-
NENTS OF THE VARIABLES IN EACH DISCIPLINE 
The technique of p rincipal component analysis which we 
have selected, has a b a sic limitation: The results are only 
meaningful if the diffe rent variables to which it is applied 
are all measured on the same scale. In an attempt to circum-
vent this problem we ha ve applied the analyses to standardised 
data (each observation being reduced by its mean and di v i ded 
by its standard deviation) . This is a meaningful way of deal~ 
ing with the problem but not altogether satisfactory. See 
Seal (1964). 
A principal component analysis was applied separately to 
each of the four racial groups in respect of the following 
disciplines: Somatomet r y, biochemistry, haematology and 
dietary. The rate/head/ day, representing the socio-economic 
variables will be dealt with later. 
The analyses were a pplied separately to each rac ial g r o up 
in order to see whether any particular pattern emerged which 
was common to the various racial groups. 
4.1 Principal component analysis of the somatometric measure-
ments for each of the four racial groups 
It will be noted tha t all the somatometric measurements 
with the exception of we i ght have a linear dimension. Since 
the weight of a person i s approximately proportionate to his 
volume, it is reasonable to suppose that the relationship be-
tween a linear body dimension, such as height, and wei ght 
would be approximately c ubic. It has, in fact, b e en shown 
that the relationship be t ween weight (W) and height (H) is of 
the form W = CHa where C is a constant. a is less than 3 an d 
tends to vary somewhat with age. Defrise-Gussenhoven (1954, 
p.49), in a study of Belgium school children , found values f o r 
a varying from 2,00 for boys aged 6-8 years to 2,84 for boys 
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aged 9,75 to 15 years. We chose a value for a of 2,67 as 
being appropriate to the age range with which we were concer-
ned in our analysis. We did, however, experiment with other 
values of a in the range 1 < a < 2,67 and found that the re-
sults of the principal c o mponent analysis were relatively 
little affected by the v a lue of a . 
The results of the p rincipal component analysis on the 
somatometric variables is shown in Table VI. In order to keep 
the table down to a reasonable size, only those variables and 
associated eigen vectors have been tabulated where the eigen 
vector was reasanably large for at least one of the racial 
groups. The eigen vector can be interpreted a s the coefficient 
of correlation of the orig inal variable with t he relevant prin-
cipal component (Rees, 19 69). The rank of the eigen vector 
within the component is a l so shown. 
The separation into t he three components is remarkably 
similar for the four racia l groups. In each case weight was 
the most important variable in the first component as indica-
ted by the modulus of the eigen vector, followed by calf cir-
cumference. Upper arm circumference, intercristal width and 
height, formed the next triplet for Whites and Bantu and fell 
amongst the first 7 variables for Coloureds and the first 6 
for Asiatics. 
We now consider whether the first pr incipal componen t has 
biological significance. We ight is clearly an indicat ion of 
general body size as also are both height and intercristal 
width, the one being a vertical and the o ther a hor izon tal 
skeletal measurement (See F ig. 1). Calf circumference and 
upper arm circumference appear to be out of place i n t he fir st 
component, since these two measurements have frequentl y been 
put forward as indicative of musculature or soft body ti ssue . 
Smit (1968) has, however, pointed out that these measurements 
are also increased by a large cross-sectional bone area or a 
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large amount of subcutaneous body fat. Thus it is clear that 
a strong relationship would also exist between general body 
size and both upper arm circumference and calf circumference, 
quite apart from the exteht to which these ~easurements vary 
with a large or small amount of soft body tissue. It seems 
reasonable then to consider the first component as represent-
ing general body size. 
It is interesting to note that for the first co~ponent the 
eigen vectors all have positive signs for the Bantu and Asia-
tic groups, but negative sighs for the White and Coloured 
groups. In the case of the Bantu and Asiatics, the first prin-
cipal component would increase as the variables indicative of 
general body size, increased. In the case of the Whites and 
Coloureds, however, it would decrease. The first component is 
responsible £or approximately 74 percent of the variation in 
the variables. 
On looking at the second principal component (Table VI) 
we see that, for the White, Bantu and Coloured racial groups, 
the skinfold thickness of the triceps has the highest eigen 
' 
vector followed by the para-umbilical and subscapular skinfold 
thicknesses, in that order. In the case of the Asiatics, the 
subscapul~skinfold thickness has a slightly higher eigen vec-
tor than that of the para-umbilicus. The eigen vectors are 
positive for the White, Bantu and Coloured groups, but nega-
tive for the Asiatics. They do not differ greatly for each 
variable (0,4785- 0,5337 for Whites). Since the three skin-
fold thicknesses are widely acknowledged a~ being indicatiVe 
of body fat (see e.g. Chinn and Allen, 1960; Durnin and Rama-
han, 1967), we conclude that the second component represents 
body fat and is responsible for some 16 percent of the varia-
tion in the variables. 
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In the case of the third principal component, we note 
that for each racial group the upper arm circumference (bent) 
and calf circumference have been selected. Both these vari-
ables, as we have seen, relate to soft body tissue and it 
seems reason~ble to presume that this is the characteristic 
of the third component. The presence of the para-umbilical 
skinfold thickness with a fairly high eigen vector, particu-
larly in the case of the Coloureds, may suggest that this 
variable tends to increase with soft body tissue, and is, 
therefore, a less precise measure of body fat than the other 
two skinfold thicknesses. The third principal component is 
responsible for some 3 percent of the total variation, in the 
variables. 
In view of·the fact that the variables observed in the 
White racial group were obtained in two separate studies, the 
principal component analysis on the White group was repeated 
separately for t~e 7-11 year age group. The results were, 
however, consistent with those presented above and will not 
be repeated here. Thus the fact that the White children were 
surveyed at two separate times does not appear to have affect-
ed the present analysis. 
It would appear that the observation of certain of the 
measurements listed in each of the first three components 
(above), should give a comprehensive description of the soma-
totype of an individual. While the "best" variables to mea-
sure to estimate a component are those with the largest load-
ing for that component, the size of the loadings on each vari-
able for a particular component do not vary greatly. The 
choice of which variables should be measured within a compo-
nent could, therefore, to some extent be guided by conveni-
ence. 
It should be noted at this stage, that the selection of 
"best" variables, based on the above, is not necessarily op-, 
timum for the assessment of nutrition status, but in fact, 
37 1 ... ... . 
.. 
37. 
represents.that subset of variables which can give most in-
formation about the way in which one individual d1:[[ers from 
another. It is.remarkable that the components are so similar 
for the four racial groups, particularly as the intradisci-
plinary analyses have shown considerable variation in respect 
of nutrition status (DuPlessis, 1967 p.l26}. It would ap-
pear that the most useful purpose served by the principal com-
ponent analysis, is to identify those variables which contain 
the best information regarding a certain characteristic. We 
have, furthermore, not yet looked at the. somatometric varia-
bles within the context of the other disciplines. This will 
be done in Chapters 5-7. 
It is instructive to note in passing, that the somato-
metric variables yield readily to intuitive interpretation. 
The results which we have obtained by an independent statis-
tical analysis, and which are consistent for four widely dif-
ferent racial groups, are compatible with current biologicai 
knowledge. 
4.2 Principal component analysis of the biochemical varia-
bles for each of the four racial groups 
In contrast to the somatometric variables, the bioche-
mical variables do not readily lend themselves to an intui-
tive interpretatiort. The results of the principal component 
analysis on these variables are shown in Table VII. Four 
components have been listed, representing in total some 50 
percent of the variance. After the fourth component, the 
other components tended to consist of a repetition of those 
variables already listed. 
A mere 22 percent (for Whites} of the total variation 
is explained by the first component, as compared to 74 per-
cent in the case of the somatometric variables. The results 
for the four racial groups are similar although not identi-
cal for the first component. The degree of similarity seems 
38j • •••••• 
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TABLE VII . .. PRINCIPAL COMPONENT ANALYSIS OF THE BIOCHEMICAL VARIABLES 
COMPONENT White Bantu Coloured Asiatic 
Protein Characteristic Name F;igen Rank Eigen Rank Eigen Rank Eigen status Vect_or Vector Vector Vector Rank 
1. Blood serum Protein To tal globulin 0,4085 2 0,4812 1 0,4580 1 0,4648 fractions reflecting l 
protein statun and A1b./Tota1 Prot. -0,4143 1 -0,4541 2 -0,4365 2 -0,4288 3 
exposure to antibody y-G1obulin 0,3112 ) 0,4132 3 0,4222 3 0,4384 2 
producing infections y-Globulin/Tota1· 0,2938 4 0,3890 4 0,4073 4 0,4140 4 protein 
(0,22) (0,18) (0,20) (0,20) 
2. Circulating .serum Cholesterol 
-0,5226 1 -0,50~2 1 -0,5273 l -0,4862 1 body fats and fat so- Phospholipids 
-0,4869 ? -0,3956 4 -0,4149 2 -0,4036 2 luble vitamins Carotene 
-0,3595 3 -0,4203 2 -0,3269 4 -0,2888 5 Vitamin A 
-0,1461 7 -0,3980 3 -0,2732 6 -0' 1641 10 
Choles/Phos-
-0,3153 5 -0,2547 5 -0,3472 3 -0,2257 8 pho1ipids 
(0,12) (0,11) (0,13) (0,11) 
[o, 34] [0,29 J ~.33] [o, 3i] 
3. Nicotinic acid meta- Urinary amylase 
-0,3775 1 0,1686 9 0,0795 16 -0,1670 11 
halites and protein y-globulin 
-0,3334 2 0,1523 15 -0,0540 18 0,0344 15 
fractions 2-Pyridone -0,2564 7 -0,4257 1 -0,5812 1 -0,49Jl 1 
Pyridone/N'-Me 
-0,0640 20 -0,3988 4 -0,3189 3 -0,3084 4 
Total Protein 
-0,2565 6 0,4112 2 
-0,0700 17 o,;'065 10 
Albumin -0,1261 15 0,4068 3 -0,1022 14 0,2928 5 
N'-Me 
-0,2052 11 0,0563 19 -0,3987 2 -0,3659 2 
(0,10). (0,10) (0,09) (0,09) 
[0,44] L o, 39 J [ 0 ,42] [0,40] 
4. Water soluble vita- 2-Pyridone 0,5153 1 -0,2589 5 -0,1152 14 0,0275 20 
mins. N'-Me/Creat. 0,3494 3 -0,5399 1 0,3135 4 -0' 1043 16 
Urinary amylase -0,1815 10 -0,3774 2 0,4866 1 -0,3688 2 
Urinary ri.bofla-
-0,2841 5 -0,3062 3 0,3268 3 0,0147 22 vin 
Serum amylase 0,2567 6 -0,3021 4 0,2159 8 -0,1757 11 
Pyridone/N'-Me 0,3063 4 0,1257 10 -0,4412 2 0,1404 13 
Carotene 0,0990 13 -0,0743 18 -0,2425 6 0,3938 1 (\-Globulin 
-0,0179 19 0,0987 15 0,1193 12 0,3562 3 
Albumin 
-0,3775 2 0,0957 16 0, 0953 . 13 0,2002 10 
(0,09) (0,08) (0,07) (0,08) 
[0,53] [0,47 J [0,49] [0,48] 
,._The value in .ro•md brackets 0 in the proportion and that in square brackets [ )the cumulative proportion of 
the total variance explained by the component. 
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to decrease progressively from the first to the fourth compo-
nent. The results, do nevertheless, show a pattern which can 
be explained biologically: 
The serum protein can be divided into albumin and total 
globulin. The globulin can further be subdiVided in a, S and 
y-globulin fractions. The first component appears to repre-
sent the concentration of blood serum protein fractions. The 
three more important variables are total globulin, the albumin/ 
total protein ratio and y-globulin. Albumin is generally 
accepted as the best biochemical indicator of protein status. 
The y-globulin level is related to the effect of continued an-
tigen stimulation on antibody production, and hence would re-
flect the degree of exposure to infection (Lubran, 1966). 
The second component, explains some 12 percent of the 
total variation. It contains cholesterol and phospholipids, 
which are fats. The absorption of vitamin A is dependent on 
the presence of fat, and carotene is the precursor of vitamin 
A. It would thus appear that this component represents the 
concentration of fat and fat soZubZe vitamins in the blood. 
The third component explains some 9 percent of the total 
variation. The more important variables viz. 2-Pyridone, 
N1 -Me, Pyridone/N 1 -Me ratio are all nicotinic acid metabolites 
and represent different ways in which nicotinic acid status 
can be measured. Since 2-pyridone has the largest eigen ve~­
tor for each of the three non-White groups, it would appear to 
be the best indicator of nicotinic acid status in these 
groups. The other variables in the third component mostly 
represent the protein fractions which characterised the first 
component. 
The fourth component explains some 8 percent of the total 
variation. It appears mostly to represent the water soluble 
vitamin complexes. 
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4.3 Principal component analysis of the haematological measure-
ments for each of the four racial grou:e_s. 
The results have been summarised in Table VIII. 
Once again in the case of the haematological variables, the 
proportion of total variation explained by each component is 
low, but reasonably consistent across the four racial groups. 
We can see that the first component explains some 25 to 27 
percent of the total variation, the second some 17 to 23 per-
cent and the third some 12 to 16 percent. 
There is an interesting interchange between the first and 
second components in the four racial groups. For the Whites 
and Asiatics, haemoglobin and haematocrit have the highest 
eigen vectors in the first principal component and both eigen 
vectors have the same sign for a particular racial group. 
Neutrophils and lymphocytes, have the highest eigen vectors 
in the second principal component but have opposite signs. 
In the case of the Bantu and the Coloured racial groups, how-
ever, the position is reversed: Neutrophils and lymphocytes 
have the highest eigen vectors in the first principal compo-
nent with opposite signs whilst haemoglobin and haematocrit 
have the highest eigen vectors in the second principal compo-
nent, but with similar signs. They are accompanied, in the 
case of the Bantu group, by sedimentation rate. 
The grouping of the haemoglobin and haematocrit together 
in the first component (White and Asiatics) appears to have 
biological significance. The haemoglobin, (the colouring 
matter in the red blood corpuscle), is an iron-binding sub-
stance, involved in the absorption of oxygen into the blood 
stream. Th~ haematocrit represents the concentration of red 
blood corpuscles expressed as a percentage of whole blood. 
The first component would, therefore, represent the capacity 
of the blood to absorb oxygen or oxygen uptake. In the 
second component (Whites and Asiatics) lymphocytes and neu-
trophils which are both fractions of the total white cell 
count, have high eigenvectors (but of opposite sign). 
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42. 
The role of lymphocytes is to combat antibody-producing in-
fections, while neutrophils are involved in combatting any 
foreign bodies in the blood. This component would, therefore, 
represent the body's ability to fight infection, particularly 
antibody-producing infection. The finding that for the Bantu 
and Coloureds the variables related to combatting infection, 
appear to take precedence over those related to oxygen uptake, 
may indicate that in these populations, a greater heterogeneity 
exists than in the case of the Whites and Asiatics in respect 
of the extent to which infection is present. Thus, the Bantu 
and Coloured population groups may well be subjected to infec-
tion, particularly antibody-producing infection, to a greater 
extent thari the Whites and Asiatics. 
The third principal component is responsible for some 13 
percent of the variation but there is little consistency across 
the four racial groups, both monocytes which combat any 
foreign bodies in the blood and eosinophils, which combat para-
sitic infections and allergies, have high eigen vectors for 3 
of the 4 groups (the Bantu being excepted). The total white 
cell count is high for the Asiatics. The MCHC (mean corpus-
cular haemoglobin content) has high eigen vectors for all ra-
cial groups except the Asiatics. This variable is a function 
of the haematocrit and the haemoglobin and would, therefore, 
also reflect the uptake of oxygen. The third component, there-
fore, seems to combine the aspects of fighting infections, 
particularly parasitic infection and allergies with that of 
oxygen uptake. 
The fact that the eosinophil count does not have a high 
loading for the Bantu implies that this race group does not 
have a high degree of heterogeneity in respect of this vari-
able. This suggests a uniform degree of parasitic infection 
at any level. In the Bantu it is likely to be high. 
4 3 I . ...... .. 
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It would appear that the primary haematological charac-
teristics of the blood, viz. to absorb oxygen and to fight 
infection~ in which the red. blood corpuscles and the white 
cells, respectively figure prominently, have been described 
by the first two components. These together represents some 
47 percent of the variation. 
4.4 Principal component analysis of the dietary measurements 
for each of the four racial groups 
It is clear that no valid basis for comparing dietary in-
take can be made in terms of actual food intake. It is first 
necessary to know the nutrient content of all foods eaten and 
then to calculate an estimate of the total daily intake of 
the various nutrients such as fats, proteins, carbohydrates 
etc. Estimates of daily nutrient intake for each of 15 nu-
trients were made for each child surveyed. The nutrients 
have been listed in Table V (for the sake of convenience, 
calories will be termed a nutrient). In the case of proteins, 
some problem existed, particularly in respect of certain com-
posite dishes, in distinguishing between animal and vegetable 
protein. Since this was not always possible it was sometimes 
necessary to class the protein as "mixed" protein, hence the 
separate category under this heading. 
The results of the principal component analysis have been 
summarised in Table IX. 
In the case of the dietary measurements 46-52 percent of 
the total variation is explained by the first principal compo-
nent; 9-14 percent by the second component and 8-10 percent 
by the third. In the first principal component, protein ranks 
either first or second for each of the four racial groups. 
Phosphorus, likewise, ~anks first to third and calories· se-
cond to fourth. Thiamine has a ranking of third for Whites 
and fourth for Bantu and Coloureds but only sixth for Asia-
tics. 
44/ .. • ..... 
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The significance of the first principal component re-
quires careful consideration. One might, on first thoughts 
have expected those variables to cluster together in a parti-
cular component which had the same biological characterist1:cs~ 
as in the case of the biochemical variables. After tareful 
consideration, however, we must realise that this is not like-
ly; the intake of specific nutrients is clearly determined by 
the intake of the food?tuffs in which they are borne. Since, 
in general, the type of food eaten by the four racial groups 
differed considerably, one could expect that this would have 
a marked effect on the pattern which emerged in the nutrient 
intake. 
In order to investigate this aspect, each food item eaten 
by a racial group was classified into one of 6 food groups viz. 
cereal g~oup; meat and milk group; vegetable group; frUit 
group; fats and oils group and miscellaneous items. We then 
assessed for each racial group, which particular food group 
was mainly responsible for supplying protein and phosphorus, 
the two nutrients with the highest eigen vectors in the first 
component. We found that for the Whites and Asiatics both 
protein and phosphorus were derived primarily from the meat 
and milk group. For Bantu and Coloureds, however, both these 
nutrients were derived primarily from the cereal group. It 
would thus appear that protein and phosphorus are grouped to-
gether in the first component, not because they are related in 
terms of their biological characteristics, but because, for a 
particular population, they are derived mainly from the same 
food group. 
It would then seem that the first component represents 
the general intake of protein containing and energy producing 
foodstuffs. 
Our findings bear a remarkable resemblance to those of 
Drion (1961, p.326) who carried out a study of the nutrients 
consumed by a group of families in the Netherlands. Drion 
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applied a principal component: analysis, separately to various 
family sizes (varying from 2 to 7 and over). In his case the 
analysis was applied, not to tpe nutrient intake, but to the 
nutrient intake expressed as a proportion of the recommended 
daily allowance - a quantity which Drion called the "reduced 
consumption". This aspect is discussed later (Chapter 6.1). 
In his analysis Drion found that the first principal component 
had high eigen vectors (0,85 and higher) for total protein, 
calories and thiamine, in that order. Ignoring phosphorus, 
which was not assessed by Drion, we can note that we obtained 
essentially the same result. This 1s indeed a remarkable 
similarity. Drion (p.329) interpreted his results as follows: 
"The factor loading of total protein is ln general higher 
than that of calories; this indicates a rather well-
balanced diet so far as the major nutrients are concerned. 
The factor loading of thiamine is high; it is well known 
that this vitamin is needed for internal combustion, so a 
diet with a high caloric value needs a high thi~mine con-
tent for complete health. The high factor loading shows 
that in general, the Dutch diet contains enough thiamine 
in relation to its caloric value". 
If we accept his interpretation we can only add that his re-
marks were also found to be true for the White population 
group. The fact that for the Asiatics protein also has the 
highest eigen vector, whilst in the case of the Bantu and 
Coloureds, protein had the second highest eigen vector, might 
be an indication that the Whites and Asiatics satisfy their 
protein requirements from the meat and milk group, whilst the 
Bantu and Coloureds, who are less well off socio-economically 
and cannot afford high protein foodstuffs, satisfy their appe-
tites from the cereal food group. 
The second principal component explains some 9-14 percent 
of the total variation. There is less similarity across the 
four racial groups. Animal protein ranks first, for both 
Coloureds and Asiatics, whilst vegetable protein ranks first 
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for Whites and second for Asiatics. Calcium ranks third for 
the Bantu and third for Asiatics. It is interesting to note 
that the signs of the eigen vectors for animal and vegetable 
protein differ for each racial group. This may be explained 
as follows: Assume a person eats protein-containing foods-
stuffs of animal or vegetable origin, until he is satisfied, 
if he eats more animal protein he would tend to eat less 
vegetable protein, and vice versa. The second component would 
thus appear to represent a contrast between the meat and milk 
food gPoup (containing animal protein) and the aePeal and 
vegetable food gPoups (containing vegetable protein). For 
Whites, Bantu and Asiatics, the second component would in-
crease as the proportion of animal to vegetable protein in 
the diet increased, and decrease as the proportion decreased. 
The third principal component explains some 8-10 percent 
of the total variation. Here mixed protein(occurring in com-
posite dishes where animal and vegetable proteins were mixed 
in unknown quantities) ranks first for Whites, Coloureds and 
Asiatics, but fourth for Bantu. Animal protein ranks second 
for Coloureds and third for Bantu. It is interesting to note 
that for the Whites, Coloureds and Asiatics the eigen vector 
for mixed proteins has the opposite sign to that for animal 
and vegetable proteins. Ih the case of the Bantu it has the 
same sign as animal protein but the opposite to that of vege-
table protein. It would then appear that the third component 
could represent the proportion of protein derived from com-
posite pPotein dishes as compared to that derived from either 
animal or vegetable pPotein. 
For the fotirth prindipal component, vitamin A ranks first 
for Whites and Coloureds and second for Asiatics. Animal pro-
tein ranks .second for Bantu and Coloureds, and vitamin C first 
for Asiatics and second for Whites. The fourth component ex-
plains 6-8 percent o£ the variation (Table IX) but does not 
seem to have any particular significance. 
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It would then appear that the principal component ana-
lysis h~s provided information as to the type of foodstuffs 
ingested and the relative intake of animal, vegetable or 
mixed protein foodstuffs. The grouping of the nutrient in-
take variables into components, makes sense in terms of the 
foodstuffs from which they originate rather than in terms of 
their biological function in the human body. The biological 
·interrelationship of the nutrients can only be ascertained 
once they have been absorbed into the blood stream, as has 
been seen in the case of the biochemical variables. 
4.5 Critical appraisal of the principal component analyses 
In view of the considerable time that the technique of 
principal component analysis has been around (Pearson, 1901), 
there are remarkably few documented examples of the applica-
tion of this technique in the biological sciences. The 
greater majority of these applications have been made in re-
spect of the measurement of the morphological characteristics 
of a wide range of living organisms. 
Applications to taxonomic problems have been reviewed by 
Jeffers (1963), who lists a number of papers in which the 
authors aimed at identifying plant species by their physical 
characteristics. Cassie (1963) applied the technique to nu-
merical plarikton data. Ouellette and Qadrie (1966) used it to 
describe a pattern of growth in the.dog-fish (Cristivomer 
nartzaycush). 
Jolicoeur and Mosimann (1960) used a principal component 
analysis to ~tudy size and shape variation in the painted 
turtle, whil.st Rees (1969) used the technique to study morpho-
! logical variation of the mandible of the white-tailed deer 
(ddocoileus vir~inianus). Drion, (1961) as already mentioned~ 
I 
has used the technique to study the dietary components of nu-
l . . . 
t~ients ingested by families in the Netherlands. 
! 
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. rt is interesting to note that all except the last two 
applications are related to the morphological characteristics 
of organisms. Jollicoeur and Mosimann were able to identify 
two separate components, the one relating to the size of the 
painted turtle and the other to the shape. Rees was able to 
show that the two major components of mandible shape variation 
among White-tailed deer (within breeding groups) involved a 
contrast between the mandible and the dentition and between 
the pre-molars and the molars. Size variation was found to 
account for 34 percent of the total variation and the two 
major shape variations to account for 23 and 8 percent respec-
tively. Ouelette and Qadrie, however, could only distinguish 
the general siz~ factor as described by the first component in 
both male and female dog-fish. 
The components which we have been able to identify in the 
somatometric variables, appear to depcribe the physical charac-
teristics of the human body in a manner, similar to that in 
which the physical characteristics of other living organisms, 
be they plant, plankton, fish, turtles or deer, have been 
described by principal component analyses. Our results, also 
in fact, bear a strong resemblance to those obtained by Burt 
and Banks (1947), who carried out a factor analysis on the 
body measurements of British adult males. They identified a 
fitst factor ot general body size which contributed over 50% 
of the total variation. A second factor, was noted to be bi-
polar contributin~ about 13% of the total variation. This 
classified traits into: longitudinal and transverse or 
circumferential. It would thus represent a lean versus a thick-
set body build. Since B~rt and Banks did not measure the skin-
fold thicknesse~, the factor relating to body fat was not 
identified by them. 
As can be seen above, our application of the principal 
component analysis to the biochemical variables has yielded 
less explicit, though we judge, still meaningful results. No 
previous application of the technique to such biochemical ob-
servations could be traced. 
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In the case of the haematological variables a similar 
situation exists. The analysis appears to yield meaningful 
though not clear cut results. The interchange between the 
first and second components-for the Bantu and Coloured groups 
as compared to the White and Asiatic groups is most interest-
ing. As fir as we know, this is the first time a principal 
component analysis has been applied to haematological data. 
The analysis carried out on the dietary variables appeared 
to contribute some information about the main food group from 
which certain nutrients were derived. This sort of information 
could, however, be derived more directly and more readily by 
other means. 
In general, it would appear from the literature, that the 
more frequent and more successful biological applications have 
been in respect of morphological characteristics descriptive 
of size and shape. This is in agreement with our findings that 
the principal component analysis on the somatometric measure-
ments yielded more clear cut, and more readily interpretable 
results than did those on the other disciplines which we have 
studied. 
The relevance of these results to the problem we are 
studying, will become clear in the subsequent chapters. 
Chapter 5/ ..... . 
CHAPTER 5 
ANALYSIS OF CERTAIN DISCIPLINES USING INFORMATION 
GERMANE TO THE POPULATIONS SURVEYED 
Having come to some understanding of the information con-
tent of the variables associated with each discipline, we can 
now proceed with the second phase of our analysis, viz. the 
analysis of certain subsets of the data, using information 
germane to the populations on which the variables were obser-
ved. Since the measurements were made on different racial 
groups, these are likely to reflect certain inherent diffe-
rences. These will first be investigated for the somatome-
tric variables in respect of Whites and Bantu. 
5.1 Investigation of racial differences in the somatometric 
variables for White and Bantu school children by means of a 
discriminant analys~s 
The somatometric variables can be measured more readily 
and cheaply than any other in the available data set. We have 
seen from Chapter 4.1 that subsets of these variables can be 
selected, descriptive of general body size, soft body tissue, 
and body fat. It would clearly be most useful if an index for 
assessing nutrition status could be based on the somatometric 
·variables, but we must first establish how the characteristics 
which we have identified as components in the principal com-
ponent analysis, are related to nutrition status. 
A stepwise discriminant analysis was, therefore, applied 
to the 11 somatometric variables, to establish firstly, to 
what extent these could be used to distinguish between chil-
dren from the White and Bantu population groups. The ratio-
nale behind this analysis was as follows: There is no doubt 
that the majority of the White children in the sample had a 
much higher socio-economic status than the majority of the 
Bantu children. It can be shown that at the low socio-
economic level of many Bantu, it is virtually impossible to 
maintain an adequate level of nutrition (Watts, 1967). It is 
thris to be expected that the Whites would, in the main, also 
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have a better nutrition status. The Coloured and Asiatic 
groups have a socio~economic level between that of the Whites 
and the Bantu. They were, therefore, omitted from the pre-
sent analysis in order to increase the chance of obtaining 
discrete homogenous groups. One cannot, however, forthwith 
assume that any differences which may be demonstrated between 
White and Bantu, are definitely due to a difference in nutri-
tion status. They could, for example, be caused by genetic 
differences. 
In the application of the stepwise discriminant analysis, 
the age variable was deliberately omitted, although many of 
the somatometric observations are clearly age dependent. The 
reason for this will become clear later. 
The following discriminant functions for Whites (XW) and 
Bantu (XB) were found: 
= 
= 
- 414,219 - l2,108x1 + 4,962x2 - 2,375x 3 
+ 5,637x4 + 3,677x5 - 0,560x6 + 12,588x7 
+ 8,118x8 + 0,065x9 + 4,53lx10 - 0,274x11 
-399,342 - 12,076x1 + 4,805x2 - 2,26lx3 
+ 4,469x4 + 3,39lx5 + 0,626x 6 + l2,866x 7 
+ 8,108x8 - 0,389x9 + 4,863x10 - 0,248x11 
( 1) 
Where x. is the i-th somatometric variable (i = 1, 2, ... 11) 
1 
(The vari'ables are identified by the "within disciplines" 
variable number (in brackets) in Table V, Chapter 3). 
In order to assess in which group a particular subject 
would fall, the subject's somatometric measurements (x.) are 
1 
substituted in each of the two equations (1) above. The sub-
ject is then allocated to that group which yields the highest 
value of X. 
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If in equation (1) we take differences, term by term, 
this would give: 
= 14,877 - 0,032x1 + 0,157x2 - 0,114x 3 
+ 1,168x4 + 0,286x 5 - 1,186x6 - 0,278x 7 (2 ) 
+ 0,010x8 + 0,454x9 - 0,332x10 - 0,026x11 
XW-B will be positive for those cases which should be allo-
cated to the White group and negative for those cases which 
should be allocated to the Bantu group. 
"1. •• 
In a stepwise discriminant analysis, the variables are 
included in the order of their contribution to the differen-
tiation between the groups. Thus, since x 4 gives the greatest 
ratio of the variance between groups to that within groups 
and is, therefore, best.able to discriminate between the two 
groups, it is selected first. The next variable to be se-
lected (x 6 ) is that var~able which, when used together with 
x 4 , results in the best improvement in discrimination. This 
does not mean that x 6 is the second best variable for discri-
minating between the two groups. There may well be another 
variable, say xp which is highly correlated with x 4 and could, 
if used alone, discriminate almost as well as x 4 and much 
better than x 6 . Since, however, x 4 has already been entered, 
most of the information contained in x has already been uti-p 
lized, and it has little "new" information to offer. It may, 
therefore, be relegated to a place low-down in the list of 
selected variables. Thus, in general, that variable is se-
lected which, when partialled on the previously entered vari-
ables, has the highest multiple correlation between the 
groups (Dixon, 1968 p.214a). This point is important since, 
if given another sample of the data, the position of x 4 and 
x could possibly be reversed. p 
The order in which the somatometric variables were in-
cluded in the discriminant analysis is given in Table X. 
The F-value (with degrees of freedom) in the table reflects 
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the importance of the contribution of each of the 11 varia-
bles to the discrimination. 
The first three variables to be included, viz. inter-
cristal width, (hip width) ulnar length and biacromial width 
(shoulder width) are all skeletal measurements. The first 
and third are horizontal measurements (See Fig. l). They 
have probably both been given an important plac~, since the 
first tends to be relatively wide in females and the last in 
males. The first was one of the variables which we found to 
be descriptive of general body size (See Chapter 4.1 and 
Table VI). The second variable viz. ulnar length (or length 
of the forearm excluding the hand, Fig. 1) is an extremity 
which is not featured in any of the characteristics dealt 
with in Chapter 4. 
It is instructive to note the signs of the coefficients 
of the variables in (2) above. These have been repeated in 
column 4 of Table X for convenience. The coefficients of 
both intercristal width (x4 ) and biacromial width (x 5 ) are 
positive. Thus, if a person's intercristal width and/or his 
biacromial width increased relative to the values assumed by 
the other variables, then his value for XW-B would move to-
wards the (positive) White group. Likewise, his value for 
XW-B would move towards the (negative) Bantu group as his 
values for these two variables decreased. The coefficient 
of ulnar length (x 6 ) is, however, negative. Thus, if a 
person's ulnar length decreased, relative to his other mea-
surements, his value for XW-B would move towards the White 
group, and vice versa. Therefore, an increase in the ratio 
of biacromial or intercristal width relative to ulnar length 
would result in a move of XW-B toward the White group and 
vice versa. S~nce these are the three most important vari-
ables for discriminating between the two racial groups, this 
suggests that the discrimination is based primarily on dif-
ferences in skeletal proportion. 
This result could also be argued as follows: Children 
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in the age range 7-15 years have been included in the analy-
sis and the affect of age has not been partialled out. (See 
above). The variation in the body measurement from a young 
child to an older one, is clearly far greater than it could 
be from a child of one race group to that of another. It 
would follow, therefore, that no discrimination could be based 
solely on an absolute measure of general body size and must, 
therefore, depend on changes in body proportion. 
The next variable to be included is upper arm circum-
ference (negative coefficient) which we found (Chapter 4.1) 
to be an important indicator of both general body size and 
also of soft body tissue. This is followed by the triceps and 
subscapular skinfold thickhesses which we found to be indica-
tive of body fat. Although the coefficient of the latter has 
a negative sign, the sum of the two coefficients is positive. 
By a similar reasoning to that presented above, it would fol-
low that there are proportional differences between White and 
Bantu in respect of soft body tissue and of body fat. 
It must be born in mind when considering the value and 
sign of the coefficients of each variable in (2) above that 
these are determined on the basis of all 11 variables. The 
order in which the variables are included is, as discu~sed 
previously, dependent on their contribution to the discrimina-
tion which is assessed, variable by variable. It might, there-
fore, have been better to base the discriminant functions only 
on those variables which make a significant contribution to 
the discrimination. 
The next two variables, height and cristal height, are 
the last to make a significant contribution to the discrimina-
tion. They are both skeletal measures of vertical body size. 
The first has a positive sign and the second a negative. It 
would, therefore, seem that they contribute some further infor-
mation in respect of proportional differences in skeletal 
structure between Whites and Bantu. 
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In surrunary then, we have been able to demonstrate pro-
portional differences between Whites and Bantu in respect 
both of skeletal proportion, and proportion of soft body 
tissue, to body fat. Since, on the surface, it seems unlike-
ly that nutritional deficiency would result in disproportional 
skeletal growth, one might postulate, as is often done, that 
the skeletal differences are of genetic origin, while those in 
respect of soft body tissue and body fat are nutritional. We 
shall, however, investigate this point further below and re-
turn to it in the following chapter. 
In order to assess the ability of discriminant functions 
to distinguish between the racial groups, each case was allo-
cated to one of the two groups using the discriminant function 
(2) above. This procedure will, in general, give a slightly 
better classification than would be found with a new set of 
observations. In spite of this bias it does, however, pro-
vide a fair indication of the reliability of the discriminant 
technique. 
A surrunary of the allocation is given in Table XI. 
TABLE XI CLASSIFICATION INTO RACIAL GROUPS BASED 
ON THE SOMATOMETRIC VARIABLES 
Group in which case Total 
was classified no. of 
White Bantu cases 
Group in 
which White 529 105 634 
case Bantu 56 471 527 belonged 
Of the total of 634 White cases, 529 (83%) were 
correctly classified. Of the 527 Bantu cases 471 (89%) were 
sa I ... ... . 
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correctly classified. It is thus possible to distinguish be-
tween the two racial groups with a considerable degree of ac-
curacy. 
The first and second canonical variates based on the 
somatometric variables were calculated for the White and Bantu 
racial groups. In Fig. 2 the second canonical variate (verti-
cal axis) has been plotted on the first (horizontal axis). It 
can be seen that the plotted points associated with the two 
racial groups form separate clusters, though with some degree 
of overlap. The mean of each group (indicated by an 0) lies 
roughly on the perimeter of the cluster of the other. 
5.2 Investigation of the relationship between socio-economic 
status and the somatometric variables for Whites and Bantu by 
means of a discriminant analysis. 
In an attempt to establish to what extent the differences 
observed above are due to genetic or nutritional factors, a 
discriminant analysis was performed separately on the White 
and Bantu groups after, in each case, a trichotomy of the 
sample had been made on the basis of the rate per head per day 
(R/H/D), see Table v. 
The R/H/D reflects the amount of money available per per-
son per day after the obligatory expenses relating to rent, 
income tax, transport, rates and taxes, and water and lights, 
have been deducted. ThUs the R/D/H shows the amount of money 
that is available on a daily basis to provide for all needs 
in respect of food, clothing and fuel. It is, therefore, rea-
sonable to suppose that there would be a strong positive asso-
ciation between R/H/D and the nutrition status of the child in 
the case of those groups where the money available was only 
marginally sufficient to supply basic needs. The distribution 
curve of the R/H/D for the Whites is shown in Fig. 3, and that 
for B~ntu in Fig. 4. The considerable disparity in the R/H/D 
for the two population groups is immediately evident. 
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The peak for the White group lies in the region of 100 cents/ 
day, while that of the Bantu is about 12 cents/day. 
The relationship between the R/H/D and the somatometric 
variables could clearly be investigated by means of a step-
wise regression analysis, since R/H/D is measured on a conti-
nuous scale. This would, however, only detect linear relation-
ships and will be done in the next section. We felt, however, 
that it was possible that the relationship might be non-
linear. Such a situation could, for example, exist if both a 
low and a high R/H/D lead to malnutrition: The low R/H/D due 
perhaps to inadequate food supplies, and the high R/H/D due 
to an unbalanced diet, such as tends to occur in the case of 
children of rich parents. 
The children of each population group were, therefore, 
divided into three socio-economic groups as shown in Table XII. 
TABLE XII CLASSIFICATION INTO SOCIO-ECONOMIC GROUPS 
Socio-economic group (cents/day) 
Low Medium High 
Range 
' 
[0-40] (40-160] (160-] 
White Mean 26,8 94,0 246,2 
No. of ', 
' 69 425 140 
cases · ..
Rang{2 
_:..,._. 
[o-lo] (10-30] (30 -] 
Bantu Mean 6,0 16,8 47,2 
No. of 229 243 55 ..... 
cases 
Stepwise discriminant analyses were separately applied to the 
somatometric variables for each racial group to assess the 
value of these variables in distinguishing between the three 
socio-economic groups. It should be born in mind that we 
have here made an artificial trichotomy of a continuous vari-
62/ ...... . 
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able (R/H/D), and thus cannot expect to find clear cut dis-
crimination. 
In the case of the White population, the discriminant 
analysis on all 11 variables showed a highly significant dif-
ference between group means on the basis of an approximate F-
test (p = 0,003%). The results were, however, not significant 
in the case of the Bantu (p = 37%), and no importance can, 
therefore, be attached to the order in which the variables 
have been included. This may be due partly to the way iri which 
we have made the trichotomy for the Bantu (Fig. 4). The first 
boundary line chosen, bisects the distribution of R/H/D approxi-
mately at its mode and is, therefore, highly unlikely to form 
discrete homogenous groups in terms of any obServed variables 
associated with R/H/D. This boundary line was chosen since it 
was felt that a sum of money of less than 10 cents per head 
per day would be totally inadequate to provide even basic nu-
tritional needs, and that malnutrition would occur in this 
group. Since the possibility of non-linearity due to over-
feeding is highly unlikely in the case of the Bantu, the step-
wise regression analysis, which will be presented in the next 
section, should be adequate for investigating the relationship 
for this race group. 
The order in which the variables have been included for 
the White group is summarised in Table XIII. 
It can immediately be seen that only in the case of the 
first variable entered (biacromial width), was the F-value 
significant. The fact that the next two variables to be in-
cluded, viz. upper arm circumference and calf circumference 
both represent soft body tissue (See Chapter 4.1) might sug-
gest that the differences in the three White socio-economic 
groups are due to a varying proportion of soft body tissue in 
relation to skeletal size. In view, however, of the lack of 
significant F-values, further speculation in this respect is 
unwarranted. 
6 3j • •••••. 
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64. 
5.3 Investigation of the relationship between socio-economic 
status and the somatometric variables for Whites and Bantu by 
means of a stepwise regression analysis 
In a further attempt to elucidate the nature of the rela-
tionship between socio-economic status as reflected by R/H/D, 
and the somatometric variables, the technique of stepwise re-
gression analysis was used. For both Whites and Bantu, a step-
wise regression analysis was carried out taking R/H/D as the 
dependent variable, and the somatometric observations as the 
independent variables. As mentioned previously (Chapter 3.1), 
a stepwise regression analysis investigates the linear rela-
tionship between the dependent variables (y) and the set of in-
dependent variables (xi). That value of x (say x 1 ), is first 
selected which best explains the variation in y, or is most 
highly correlated with y, and the regression of y on x 1 is 
computed. The remaining x variables, are then tested one by 
one and that one is included in the regression equation which 
contributes the best improvement to the regression relation-
ship. Once again, as in the case of the discriminant analysis, 
if x 1 is entered first and then x 2 , the effect of x 1 is par-
tialled out of the variance covariance matrix, before x 2 is 
included. Thus x 2 may not be that variable which has the se-
cond highest correlation with y but is the one which contri-
bute most "new" information. 
It is, generally speaking, difficult to know just how fqr 
a stepwise regression procedure should be taken. In both the 
present analyses the program was allowed to run until the F-
value to enter the outstanding variables fell below the value 
of 0,01. The degrees of freedom for this F-value are 1 and 
515 for the Bantu, and l and 622 for the Whites. Thus in the 
case of both races the stepwise inclusion of the variables pro-
ceeded well beyond the stage where the variables contributed 
a significant improvement in the regression relationship. 
For both races ali but one of the ll somatometric variables 
have been included. 
6 ~ ••••••• 
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The regression equation for the Whites was: 
= - 0,1711 + 0,0019x1 + O,Ol07x 2 - 0,0220x 3 
-0,0472x4 + 0,0277x5 + 0,0702x6 + 0,0543x7 ( 3) 
-0,0303x8 + 0,0058x9 - 0,0046x10 
For the Bantu it was: 
= + 0,2507 + 0,0055x1 + 0,0003x2 - 0,0078x4 
- 0,0015x5 + 0,0040x 6 - 0,0012x 7 -0,0067x8 (4) 
+ O,Ol7lx 9 - O,Ol66x10 - 0,0049x11 
Where in each case (x.) is the i-th somatometric variable 
~ 
{No. in brackets, Table V) •. 
The order in which the variables have been included for 
both Whites and Bantu is shown in Table XIV. For convenience 
the sign of the regression coefficient has been tabulated to-
gether with the multiple correlation coefficient. It can be 
seen that the result of the stepwise regression analysis for 
Whites conforms reasonably closely with that obtained from 
the discriminant analysis on three socio-economic groups. 
In both cases the first 3 variables are the same. The order 
·of biacromial width an:d upper arm circumference have been re-
versed. The five variables which appear 6th to lOth in the 
regression analysis appear 7th to 11th in the stepwise discri-
minant analysis in the same order. 
In view of the very small increase in the multiple corre-
lation coefficient, it is, however, doubtful whether much im-
portance can be attached to the order in which the successive 
variables have been included. It does seem likely that,what 
relationship exists between R/H/D and somatometric measurements 
relates to a change in soft body tissue for a specific skele-
tal size. For the Bantu the increase in the multiple corre-
lation coefficient is more gradual, but it never reaches the 
6 6/ ....... . 
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simple correlation between R/H/D and upper arm circumference 
in the case of the Whites. For the Bantu the more important 
variables seem to be those chara.cteristic of body fat seen 
in relation to totaZ body weight. 
The results presented in Chapter 5.1 have served to in-
dicate that marked differences exist between the White and 
the Bantu racial groups in respect of somatometric measure-
ments. These differences appear firstly, to be in relation 
to skeZetaZ pPoportion and secondly, in relation to soft body 
tissue and body fat. It seems possible that the difference 
in skeletal proportion could have a genetic cause whilst those 
in soft body tissue and body fat might be due to nutrition 
status. 
Since in the case of both Whites and Bantu, even a step-
wise regression analysis (which is a more sensitive test for 
linear relationship than a stepwise discriminant analysis), 
has failed to reveal any but the most tenuous relationship be-
tween R/H/D and the somatometric variables, it would appear, 
either that R/H/D has little relationship to nutrition status 
or that the differences found between Whites and Bantu are 
largely due to non-nutritional causes. More light will be 
thrown on this problem in .the following.chapter. 
Having established that differences exist between the 
White and Bantu racial groups in respect of their somatometric 
variables, and having suggested a possible explanation of these 
differences, we will now extend our investigation to the bio-
chemical variables, which form the second major group of con-
sequential variables which have been observed. 
5.4 Investigation of racial differences in the biochemical 
variables for aZZ races by means of a discriminant analysis 
In order to study racial differences in the biochemical 
variables (Table V) a stepwise discriminant analysis was 
6 8/ ••••••. 
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carried out to see whether these variables could be used to 
discriminate between the four racial groups. The stepwise 
procedure was limited to the inclusion of 15 variables in 
1.; 
order to conserve computation time. The order in which the 
variables were selected is summarised in Table XV. It can be 
seen from the F-value that the last variable to be selected 
still made a significant contribution to the discrimination. 
The approximate F-test for overall discrimination between 
the four racial.groups on the basis of the first 15 variables, 
yielded a F-value of 88 with associated degrees of freedom, 
45 and 5586 (P < 0,00001%). Thus a clear cut differentiation, 
particularly between the White and Bantu racial groups can be 
made on the basis of the first 15 biochemical variables. 
The first variable to be included in the analysis (Table 
XV) was a-globulin. We have seen in Chapter 4.2 that the 
blood serum protein fractions reflecting protein status, con-
stituted the first principal component of the biochemical va-
riables. The most important variable for the three non-White 
racial groups was globulin, which consists of the sum of the 
a-, B-, and y-globulin fractions. Thus a-globulin is one of 
the protein fractions which characterise the first component. 
a-Globulin has never, to our knowledge, been suggested as an 
index of protein status. It is, however, known to increase 
with the presence of inflammatory conditions> such as body 
sores or abrasions. Raised values are also found in various 
kinds of rheumatic diseases (Lubran, 1966). Since a-globu-
lin is expressed per unit volume of blood serum, it is not 
likely to be directly related to the age of the child. 1here 
is, furthermore, no physiological reason why it should vary 
with age (Oberman et aZ. 1956). It may well reflect, there-
fore, an absolute difference between the racial groups in re-
spect of the extent to which inflammatory conditions are pre-
sent. 
The next variable viz. phospholipids, is one of the body 
fats> which is completely synthesised in the body, and is 
highly correlated with cholesterol. Racial differences in 
6 91 . ..... . 
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serum cholesterol have frequently been pointed out. This 
variable, however, only appears in the 13th step, probably 
because the bulk of the information it contains has already 
been represented by phospholipids. 
The third and fifth variables measure the activity of 
the same enzyme, amylase in urine and serum. This enzyme is 
responsible for breaking down dietary starches into simple 
sugars, and probably relates to the amount of dietary starch 
habitually consumed. The fourth variable is a fat soluble 
vitamin. 
The racial groups appear then, to differ most markedly 
in respect of the proportion of protein fractions related to 
acute {inflammatory) infections~ ·chronic (antibody-producing) 
infections~ and fat~ starch and vitamin intake. 
Since total protein only appears in step no. 12 and albu-
min, which is generally regarded as the best indicator of an 
inadequate protein intake, has not been included in the first 
15 variables, the results on the biochemical variables would 
seem to suggest that the adequacy of protein intake is not an 
important factor in differentiating between the four racial 
groups. This confirms DuPlessis' observation (Du Plessis, 
1967, Chapter 3) that, according to the biochemical variables, 
no sign of acute protein deficiency could be found in any of 
the four racial groups. 
The first two canonical variates have been plotted in 
Fig. 5. There is a surprisingly good separation between the 
White and Bantu racial groups in respect of the first canoni-
cal variate (x axis), but no difference in respect of the 
second canonical variate. The Coloureds and Asiatics are 
superimposed on one another. They lie in an intermediate 
position between the Bantu and the Whites, in respect of the 
first canonical variate and are slightly higher in respect of 
the second. 
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Scalier diagram of first and second canonical variates based 
on the biochemical variables for the four racial groups 
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As in the case of the discriminant analysis on the Whites 
and Bantu, the subjects in the four racial groups have been 
reclassified using the discriminant funct~ons obtained in the 
first 15 biochemical variables. The results are summarised in 
Table XVI. It can be seen that out of 634 Whites 84 percent 
were correctly classified. For the Bantu, Coloureds and Asi-
atics, the figures were: 78 percent, 57 percent and 70 per-
cent respectively. This procedure, as stated previously, is 
subject to some bias but it does appear that a surprisingly 
good classification is possible on the basis of the biochemi-
cal variables. The relevance of these results will become 
clearer in later chapters. 
Having established that differences exist between the 
White and Bantu racial groups in respect of their somatome-
tric variables, and between all racial groups in respect of 
their biochemical variables, we will now investigate what de-
gree of discrimination can be obtained between the four ra-
cial groups using all observed variables (Chapter 2.5, Table 
V), with th~ exceptiori of age, race and sex. 
5.5 Investigation of racial differenc~ in all suitable vari-
ables for the four racial groups by means of a discriminant 
analysis .. 
A stepwise discriminant analysis was carried out on all 
the relevant variables (no's 4-61, Table V) to see to what 
extent they could be used to discriminate between the four 
racial groups. In order to conserve computing time, the step-
wise procedure was stopped after the inclusion of the first 
25 variables. 
The order in which the variables were selected is summa-
rised in Table XVII. It can be seen that the 25th variable 
still made a significant contribution to the discrimination. 
The. approximate F-test for the overall discrimination be-
tween the four racial grpups on the basis of the first 25 
7 3/ •••••.. 
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variables, yielded an F-value of 99 with associated degrees 
of freedom 75 and 5591 (P < 0,0001%). There is thus no doubt 
that a very clear cut differentiation can be made between the 
racial groups on the basis of the first 25 variables. Once 
again, as in Table XV, the first variable to be included was 
a-globulin, which as we have seen, i~ one of the protein frac-
tions known to be affected by the presence of inflammatory 
conditions in the body. The second variable to be selected 
was R/H/D. This variable, like a-globulin, is invariant on 
the age of the child. In view of the marked differences in 
R/H/D, particularly between Whites and Bantu (See Fig. 3 & 4), 
the selection of a-globulin, rather than R/H/D, as the most 
important variable for discriminating between four groups is 
striking. 
The third and fourth variables, namely, ingested carbo-
hydrates and fats, represent the energy producing nutrients. 
Carbohydrates played a reasonably important part in the se-
cond principal component of the nutrient intake variables, 
(see Chapter 4.4) but fat did not. Since nutrient intake will 
tend to increase with age, we must conclude that it is the 
proportional nutrient intake rather than the absolute amount 
which differs for the races. 
The fifth and sixth variables to be included, viz. vita-
m~n A (serum) and urinary amylase, are both biochemical vari-
ables. It is interesting to note that these occurred fourth 
and third respectively in the discriminant analysis on the 
biochemical variables. 
The seventh variable is the intake of animal protein. 
This would indicate differences between the racial groups in 
re~pect of the proportion of animal protein intake (though 
not necessarily of total protein intake which, as we have 
seen in the preceding section, appears to have been adequate). 
The eighth variable was phospholipids, a biochemical varia-
ble which appeared in the second place in the discriminant 
76/ ...... . 
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analysis on the biochemical variables. This is followed by 
sedimentation rate, a haematological variable which tends to 
increase when acute infection _is present in the body and has 
a role somewhat similar to that of a-globulin. 
It is interesting to note that in both the discriminant 
analysis on the biochemical variables only (Chapter 5.4) and 
that on all the variables, the characteristics of degree of 
inflammation~ fat intake, carbohydrate intake (including 
starch) and vitamin intake appear to be the best discrimina-
tors, in that order. 
It can be seen that in the first nine variables to be 
included, four of the five disciplines are represented, the 
somatometric variables being excepted. These first appear in 
the 16th-19th steps. This is rather surprising, since, as we 
have seen above, they can be used to discriminate clearly be-
tween the Whites and the Bantu. This suggests that the infor-
mation in the somatometric variables which enables us to dis-
criminate between the Whites and Bantu, is "weaker" than that 
in the socio-economic, biochemical and dietary variables which 
enables us to discriminate between the four racial groups. 
It is interesting to note, however, that the first and second 
somatometric variables which appear here, are the same as 
those which appeared first and second in the analysis to dis-
criminate between Whites and the Bantu on the basis of the 
somatometric variables. 
Out of the 25 variables shown in Table XVII, it can be 
seen that 10 out of a possible 22 are biochemical variables 
measured in blood or urine. Seven out of a possible 15 are 
dietary variables. Five out of a possible 11 are somatometric 
variables. Two out of a possible 9 are haematological vari-
ables, and the one socio-economic variable has been included. 
Thus in the case of the first three disciplines mentioned, 
each is represented by approximately half of the variables 
in the discipline. 
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The differences between the racial groups is clearly 
demonstrated in Fig. 6, in which the first two canonical 
variates have been plotted. The separation between the Ban-
tu and Whites is clear cut with almost no over~ap. This 
difference is,' furthermore, almost entirely in relation to 
the first canonical variate (horizontal axis) and is remark-
ably similar to that based on the biochemical variables. 
The Asiatics now differ clearly from both the Bantu and 
Whites but not from the Coloureds. The difference is reflect-
ed both in the first and second canonical variates. The 
Coloureds are well ~eparated from the Whites but overlap both 
the Asiatics and Bantu to a considerable degree since they 
lie in an intermediate position between the two racial groups. 
As previously, the subjects in the 4 racial groups have 
been reclassified using the discriminant functions obtained 
on the first 25 variables. The results are summarised in 
Table XVIII. It can be seen that out of 634 Whites, 91 per-
cent were correctly classified. Only 1 White was misclassi-
fied as a Bantu, whilst 29 were misclassified as Coloured 
and 29 as Asiatic. Of the 527 Bantu, 88 percent were correct-
ly classified and all but two of those misclassified were 
placed in the Coloured group. Of the 386 Coloureds, 72 per-
cent were correctly classified. The great proportion of those 
misclassified were placed in the Bantu and Asiatic groups. 
Of the 300 Asiatics~ 85 percent were correctly classified. 
The bulk of the misclassification being in the Coloured 
group. 
In summary, it may be noted that the most important 
differences between the four racial groups appear to relate 
to variables known or thought to be indicative of degree of 
inflammation; soaio-economia status; carbohydrate intake; fat 
intake; vitamin intake and animal protein intake. The rele-
vance of these findings will become clearer in succeeding 
chapters. 
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CHAPTER 6 
A STUDY OF THE RELATIONSHIP BETWEEN "CAUSAL" AND "CONSEQUEN-
TIAL" SETS OF VARIABLES, BASED ON THE CANONICAL CORRELATION 
COEFFICIENT 
6.1 Problems relating to the assessment of nutrient intake 
Clearly, if the intake of each nut~ient could be precise-
ly assessed in relation to the needs of an individual, this 
would yield an optimum method for the assessment of nutrition 
status. The accurate assessment of nutrient intake is, how-
ever, eitremely difficult, du~ firstly to the problems sur-
rounding the measurement of food intake, and secondly, to the 
problems involved in the estimation of the nutrient content 
of foods. It is also a very expensive undertaking. The diffi-
culties, however, do not end there. It is even more difficult 
to judge whether any specified level of nutrient intake is 
adequate. All vegetable proteins, for example, have been 
classified under a single heading, yet it is well known that 
the quality, and therefore, the required amount of any such 
protein, can differ considerably. One cannot simply give a 
fixed quality rating to any given protein. Proteins consists 
of amino acids, some of which are regarded as essential and 
others as non-essential. A protein would be a "good" protein, 
if it contained the essential amino acids in an ideal or near 
ideal proportion. Few plant proteins exist for which the pro-
portion of amino acids is anything approximating to the ideal, 
yet the quality can still vary remarkably from one plant pro-
tein to another. The quality of the protein, however, depends 
on the amino acids being in the right proportion in the stomach 
rather than in the plant. It is, therefore, at least theore-
tically possible that an optimum combination of two or more 
poor quality proteins, might produce a mixture of high quality. 
Thus, in the final count, the quality of any specific p~otein 
depends on the context in which it has been eaten; that is on 
the other protein foods eaten at or around the same time. 
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A similar problem may well exist in the case of many 
other nutrients but this has not yet been clearly investiga-
ted by biologists. 
In spite of these often serious difficulties, it is cus-
tomary when assessing the adequacy of the diet of any given 
population group, to ignore differences in the quality of 
nutrients and to compare the actual nl1trient intake of a per-
son of a given age and sex with a recommended daily allowance 
for that age-sex group, see e.g. National Research Council 
(1968). The recommended daily allowances are, however, by no 
means a clear indication of the ideal nutrient intake of an 
individual, they are rather designed to afford a margin, suf-
ficiently above average physioZogioal requirements~ to cover 
variations amongst practidalZy aZZ individuals in the general 
population~ of the age group specified. Something of the un-
certainty surrounding these allowances can be gauged by the 
extent to which they have been changed from time to time. 
These problems are important when considering what form 
of nutrient intake should be used when correlating nutrient 
intake with the observations of the other disciplines. Clear-
ly, if recommended daily allowances could be relied upon to 
provide an accurate estimate of the amount of a given nutrient 
required by the individual, and not merely a safe upper limit 
of this amount, it would be best to express the actual nutri-
ent intake of a child as a proportion of the recommended daily 
allowance for that child, resulting in a "r>educed" nutrient 
intake, free of variation due to age and sex. This procedure 
was, in fact, followed by Drion (1961) when studying the inter-
correlation between the nutrients consumed by a group of fami-
lies in the Netherlands. As we have seen above, our results 
relating to the first principal component of the nutrient in-
take variables, showed a remarkable similarity with those ob-
tained by Drion, although we did not use ''reduced" variables .. 
821 . •.•.•• 
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6.2 Problems arising out of the effect of age on the relation-
ship between two sets of variables 
Before we can present the results of the canonical corre-
lation between causal and consequential sets of variables, some 
attention must be given to a further problem to which superfi~ 
cial reference has been made above. It is clear that a young 
child will tend to have small somatometric measurements rela-
ting to skeletal and general body size, and to eat little. An 
older child will have larger somatometric measurements and will 
tend to eat more. A danger clearly exists, therefore, that any 
relationship which may emerge between the nutrient intake (or 
dietary) variables and the somato~etric variables, could be due 
to both these sets being related to age. A spurious correlation 
might thus be found to exist between two sets of variables which 
are in fact completely ~nrelated. 
For the biochemical variables the situation is different. 
These variables are normally expressed as a concentration of a 
particular constituent per unit volume of blood serum or urine. 
Thus, by and large, biochemical variables should not be direct-
ly correlated with age, except in the case of those variables 
which relate to some physiological property of the child which 
changes with age. Such variables are not likely to have a 
simple linear relationship, but rather to show a marked change 
in value at, for example, the age of puberty. In the absence 
of any clear knowledge of such a relationship, the biochemical 
data were not modified in any way. A similar situation will 
exist for the haematological variables. 
Having reviewed these problems in some detail, we can now 
proceed to a study of the relationships between causal and con-
sequential sets of variables. 
83/ •...... 
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6.3 The canonical and partial canonical correlations between 
nutrient intake and the somatometric variables 
The concept of a canonical correlation was stated in 
Chapter 3.1. The first or largest canonical correlation 
coefficient is the maximum Zinear correZation between two 
linear functions, g1 (y) and f 1 (x). In the present case g1 (y) 
is the first canonical function of the nutrient intake varia-
bles (y), and f 1 (x) the first canonical function of the soma-
tometric variables (x). Suppose we have p variables in the 
one set (or discipline) and q variables in the other with 
p < q. In general, p pairs of functions can be found: 
Each vair is independent of the proceding one, in much 
the same way as each principal component in a principal com-
ponent analysis, is independent of the previous component. 
These functions give rise to a decreasing series of cano-
nical correlation coefficients, r. ( i = 1, 2, ..• p) . If the 
l 
first canonical correlation is large in relation to the rest, 
this means that a large proportion of the relationship be-
tween the variables y. and x. has been explained by the corre-
' l l 
lation between g 1 (y) and f 1 (x) (Anderson, 1958, p.305). 
An overall measure of the relationship between the two 
sets of variables is given by the so-called trace correZation 
coefficient~ r. (Troskie, 1969 and 1971). 
This is defined as follows: 
r = 
p E. 1 l= r. 2 l. ( 2) 
84/ . ..... . 
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Varib~S ¢riteria for testing the canonical correlations 
have be~n proposed, based either on the first canonical corre-
. . I 
lation, or on functions of the, canonical correlations. The 
best. one to choose tends to depend on the extent to which the 
first canenic~i correl~tion coefficient explains (or more 
• ' . _,. '!•"._ . 
correct!~, i~ expected to explain) the relationship between 
. I ' 
I 
the two sets of variables. 
} 
Since i,r\_. the present case the proportion of the relation-
ship explained by the first canonical correlation tended to 
Vary, we have based significance tests of the relationship 
between the two sets of variables on the trace correlation 
coefficient (see Pillai, 1960, and Troskie, 1971, p.47). The 
following test statistic was used: 
F ( 2n + s + 1) . (2m + s + 1) ( 3) 
F ~as an F-distribution (approximately) with 
f 1 = s(2m + s + 1) and f 2 = s(2n + s + l) 
degrees of freedom, 
Where: n = ~(N - p- q- 2) 
m = ~ (q - p - 1) 
N = number of subjects studied 
s = the number of non zero canonical 
correlations (almost everywhere = p) 
The canonical and trace correlation coefficients were 
first calculated separately for each racial group between the 
dietary (nutrient intake) and the somatometric variables. The 
data for all four racial groups was then pooled, and the calcu-
lations. repeated. The first five canonical correlations for 
each race are given in the first five rows of Table XIX, for 
lowed by the·trace correlation, the relevant F-value, degrees 
of freedom and associate probability, P. (In the case of the 
Bantu, one of the canonical correlations was zero, hence the 
smaller value for the'first degree of freedom). 
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86. 
It can be seen that the first canonical correlation 
ranged from ~,35 for Coloureds to 0,60 for Whites, with a 
value for all race groups of 0,51. The extent to which the 
first canonical correlation explained the relationship be-
tween the two sets ·of variables, varied from one race group 
to another. It was best for Whites and for all races com-
bined. 
The trace correlation coefficient varied from 0,21 to 
0,24. According to the approximate F-test, it differs highly 
significantly from zero (P <0,001) for the Whites, Bantu and 
all races~ The fact that no significant difference could be 
demonstrated in the case of the Asiatics and Coloureds appears 
to be due to the smaller sample sizes for these groups. In 
general, a significant relationship would seem to exist be-
tween the dietary and the somatometric variables.. We shall 
focus our attention on the first or largest canonical corre-
lation but it must be borne in mind that the significance 
test relates to all the canonical correlations. 
Since, ~s mentioned above under 6.2, the canonical cor-
relations could perhaps be spurious due to both sets of vari-
ables.being related to age, the ~artiaZ aanoniaaZ aorreZations 
were then computed, with effect of age partialled out. This 
was done by replacing each element r .. of the correlation 
1] 
matrix by the partial correlation r .. k' in the programme 
1]. 
which was used to calculate· the canonical correlations. 
r.' k 1]. 
r .. - r.k r.k 
= 1] .. 1 1 
I . ( 1 - r~ ) {F - r~ . ) . 1k .· ]k 
Where k denotes the age variable. 
Similar tests as those described above were carried out 
on the partiaZ trace aorreZation. It can be shown that in 
the case of the partial trace. correlation the test statistic 
F, as defined in {3) above, also has an approximate F distri-
bution (Troskie, 1972). As above, p represents the number of 
87/ ....... 
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variables in the one set and q, the number in the other with 
p ~ q. If the effect of r "new" variables (not included in 
p or q) ·has been partialled out, then N is replaced by N-r. 
Since we have partialled out the effect of one variable, age, 
which was not inclhded ;in the (p + q) variables on which the 
previous analysis was darried out, the values for p and q in 
each case will remain unchanged. N is reduced to N-1. 
The results are shown in the lower half of Table XIX. 
For each race group, the partial canonical correlation was 
somewhat smaller than the canonical correlation. The dif-
ference was larger for some racial groups than for others. 
When, however, the partial canonical correlation was computed 
for the data on all four racial groups, we found a larger 
canonical correlation coefficient than that observed for any 
single race group. This somewhat surprising result, which 
was reflected to a lesser degree in the trace correlation, 
may be due to the fact .that by pooling the various groups, 
we have considerably increased the range over which the nu-
trient intake variables, in particular, havebeen observed. 
The trace correlation was still highly significant for the 
Whites and for all races (P <0,001%). It was significant 
(P < 1;77%) for the Bantu, but no significant difference 
could be shown in the case of the Asiatics and Coloureds. 
As mentioned, the lack of significance in the case of the 
latter two racial groups may be due to the smaller sample 
sizes. 
In general, therefore, there appears to be a definite 
relationship between the nutrient intakes or dietary varia-
bles and the somatometric variables which does not depend 
on age. 
As stated above, the adequacy of dietary intake is nor-
mally assessed in terms of a number of different nutrients 
(15 in the present case). It would clearly be of great ad-
vantage if a single index of nutrient intake could be deter-
mined. 
8 8/ ..•••.. 
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One possible such index would be the first canonical 
function with the effect of age partialled out, based on the 
pooled data for all racial groups. This is given by g 1 (y) 
for the nutrient intake variables below: 
gl(y) = 0,0608yl - 0,108ly2 O,Ol56y 3 
- 0,6788y4 - 0,0315y5 + 0,8628y6 
+ 0,3244y7 + 0,3515y8 0,0582y9 ( 5) 
- O,l542y10 + 0,2126yll - 0,1955yl2 
+ 0,0458yl3 + 0,0483yl4 + 0,2434yl5, 
where yi is the. i-th nutrient intake variable (see Table V 
of Chapter 2; the variable number is given in brackets). 
The function for the somatometric variables is given by 
f 1 (x) below: 
,, j 
f 1 (x) = - 0,1020x1 + b,4980x2 O,l036x 3 
+ 0,6555x4 + 
'\._. 
O'X'3220x5 - 0,3335x6 
- O,l456x7 + 0,0075x8 + 0,4974x9 
- 0,2735x10 - 0,0640x11 
where x. is the i-th somatometrid variable (see Table V of 
l 
Chapter 2, variables No. in brackets). 
( 6) 
The function g1 (y) is an optimum function of the nutrient 
intake variables, whilst f 1 (x) is an optimum function of the 
somatometric variables in terms of the relationship between 
the~two data sets. It is, therefore, a reasonable postulate 
that each of the''~e functions can, in a sense, serve as an 
index for the discipline it represents. 
89/ ...... . 
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The main purpose of our study is to find a simple 
technique for assessing nutrition status, and we have seen 
some of the problems related to the assessment of nutrient 
intake. Since the somatometric variables, as we have shown, 
are related to the nutrient intake variables, it is of in-
terest to determine which ones are important in the relation-
ship with nutrient intake. 
Since, in the functions (5) and (6) above, all variables 
have been standardised in respect of their respective means 
and standard deviations, the size of the coefficient is di-
rectly proportional to the importance of the variable. The 
rank order of the variables according to the modulus of the 
coefficients, together with the sign of the coefficient is 
shown in columns 3 and 4 of Table XX. It will be remembered 
that in Chapter 5.1, we found that it was possible to discri-
minate clearly between the White and Bantu racial groups on 
the basis of the somatometric variables. It is interesting 
to compare those variables which best discriminate between 
the two racial groups with those which are most highly rela-
ted to the canonical function of nutrient intake. To facili-
tate comparison, the rank order of the variables in the dis-
criminant analysis, together with the sign of the coefficient, 
are shown in columns 5 and 6 of Table XX. It can be seen that 
intercristal width occurs first in both cases and the coeffi-
cients have the same sign. This variable, which occurred in 
our first principal component representing general body size 
(see Chapter 4.1), was also the most important somatometric 
variable in the stepwise discrimination between all four 
racial groups. 
The 6th and 8th - 11th variables also occur in the same 
order and the coefficients have the same sign. 
Before commenting on these results we would like to note 
9 0/ ••••••• 
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91. 
an important difference concerning the factors determining 
the order in which the variables, based on the modulus of 
the canonical coefficient, have been tabulated and the order 
arising from a;stepwise discriminant or regression analysis. 
As stated previously in the stepwise analysis, each new 
variable is added because it can contribute more "new" infor-
mation than any of the remaining variables. In the case of 
the canonical function, however, the modulus of the coeffi-
cient of the variables and hence the order given in the rele-
vant column of Table XX, is applicable only to their absolute 
importance in the relationship.: Thus in this case, two vari-
ables could both be given high priority in spite of the fact 
that they contained virtually,the same information. If, 
however, they contained exactly the same information, i.e. 
if one was a linear combination of the other, the 
covariance matrix would be s~ngular and the analysis would 
not be possible. 
In order to obtain a sequence of the somatometric vari-
ables arranged according to the "new" information contribu-
ted by each variable in the canonical function, a further 
computation is necessary. This is described below. 
6.4 Stepwise regression of the "partial" canonical function 
of nutrient intake on the somatometric variables 
The function g 1 (y) (No. {5) in 6.3 above), which is based 
on the partial canonical correlation, was evaluated for the 
nutrient intake of each subject in all four racial groups. 
This function was then taken as the dependent variable, and 
a stepwise regression analysis carried out taking the somato-
metric variables as independent variables. Since the effect 
of age had been partialled out of the canonical functions (5) 
and (6) in .6.3 above, it was necessary to remove this effect 
from the somatometric variables. This was done by including 
age· as a variable in the stepwise regression, but forcing it 
in aa the first selected variable. Thus, the effect of age 
9 2 1 . ..... . 
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was then partialled out of the covariance matrix 
before the somatometric variables were considered for inclu-
sion. 
I 
The variables are tabulated in Table XX in the order in 
which they were included. The rank of the'variable, the sign 
of the regression coefficients, and the multiple correlation 
., 
coefficients, are t.abulated in the last three col urnns of 
Table XX. It is interesting to note the low correlation 
i 
(0,06) of age with the canonical function of nutrient intake, 
which clearly demonstrates that1the effect of age has been 
partialled 6ut of th~ relatio~ship between the nutrient in-
· take, and somatometric variables. It can immediately be seen 
' 
' that a revised sequence of somatometric variables emerges 
which shows a remarkable similarity to the order obtained for 
the somatometric variables which best discriminate between 
Whites and Bantu (columns 4 and 5 of Table XX). If biacro-
mial width is exchanged with ulnar length, and height with 
upper arm circUmference, the order would be identical. 
Furthermore, in every case the sign of the coefficient for 
each variable is the same. 
This result deserves careful consideration: It appears 
to sugg~st that the factors which permit discrimination be-
tween. White and Bantu are almost the same as those which re-
late to nutrient intake. 
In Chapter 5.1 we argued .that the most important diffe-
renc~between Whites and Bantu were differences in skeletal 
proportion, possibly due to genetic causes. Since the co-
efficient? of both intercristal width and biacromial width 
are positive, while that of ulnar length is negative, it 
would now appear that the differences in skeletal proportion 
are also primarily responsible for the relationship with the 
canonical function of nutrient intake variables. This result 
may well suggest that the differences in skeletal proportion 
have a nutritional, rather than genetic cause. Since the 
93 1 .... .. . 
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effect of age has been partialled out, it does not appear 
that the above findings could be attributed to an age effect. 
It seems highly improbable that they could be attributable to 
som~ race effect impinging on ;the nutrient intake variables 
but this possibility cannot be completely excluded. 
It is accepted by anthropologists that different racial 
groups may diff~r in respect of certain body proportions (see 
e.g. Metheny, 1939). Certain research workers in the field 
of nutrition, have postulated that these proportional diffe-
rences might be the long-term effect of a particular level of 
nutrition. It has e.g. been noted that although the Japanese 
are traditionally a race of little stature, those who emigrate 
to America have children whose height and weight approximate 
to American standards. Our results would seem to contribute 
somewhat to the pool of evidence suggesting that nutrition is 
responsible, at least in part, for size and shape differences 
between the various races. 
We wLll now turn to a second subset of the data which 
also permits a study of the relationship between causal and 
consequential variables. 
6.5 The canonical correlations between nutrient intake or 
"reduced" nutrient intake, and the biochemical variables 
In the same way as that described above, the canonical 
. -
correlation coefficients were calculated between the nutrient 
intake variables and the biochemical variables. The calcula-
tions were carried out separately for each racial group and 
then on the combined data set .for all races. The canonical 
correlations were calculated firstly on the raw data. The 
first five canonical correlations followed by the trace cor-
relation coefficient and relevant test statistics, are shown 
iti the upper half of Table XXI. It can be seen that the first 
canonical correlation ranged from 0,38 for Bantu to 0,55 for 
Whites, with a value for all races of 0,72. The increase 
9 4/ ..••••• 
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in the canonical correlation for all races is probably due to 
the greater scatter in the nutrient intake variables when 
pooled for all races. Once again th~re is some variation be-
l ' I ~ ' 
tween the racial groups in the extent to which the first ca-
• ' ! p ' • 
nonical co~relation explains ~he relationship between the two 
. ·. i I 
sets of variables~ The trace correlation varied from 0,23 to 
0,30, with a value of 0,25 for all races. It can be seen from 
Table XXI that in every case the trace correlation differed 
highly significantly from zero, providing substantial proof 
that a relationship exists between the dietary and the bio-
chemical bd~iables. 
In the second place, the analyses were carried out after 
an attempt to eliminate the effect of age. We did not, how-
ever, partial out the age effect as in the case of the pre-
vious analysis. As we have mentioned earlier, the biochemical 
variables will largely be independent of age. Those variables 
which are dependent on age due to physiological reasons, are 
I 
not likely to have a simple linear relationship, but rather 
to show a marked change in value at, for example, the age of 
puberty. In the absence of any clear knowledge of such a 
relationship, the biochemical data were not modified in any 
way. For the nutrient intake data, the observed value for 
·each subject was expressed as a proportion of that subject's 
recommended daily allowance, giving the so-called "reduced" 
nutrient intake yariables. The recommended daily allowances 
of the National Research Council (1968) were used. Since 
these were not available for animal, vegetable and mixed pro-
tein intakes, these variables were excluded from the analysis. 
The results obtained are shown in the lower part of Table 
XXI. The effect of using "reduced" variables is rather sur-
prising. For Whites and Bantu this resulted in an increase 
in the first canonical correlation coefficient, markedly so 
in the case of the Bantu. For Asiatics and Coloureds, there 
was a slight decrease. For all races, the first danonical 
correlation changed from 0,72 to 0,71 as a result of using 
96/ ...... . 
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reduced variables. The trace correlation increased slightly 
and showed a highly significant difference from zero in every 
case. In general, using the standardised nutrient intake 
seems to yield a slightly better relationship between the 
two sets of variables. The improvement does not, however, 
appear to be concentrated in the first canonical correlation, 
i.e. is not in terms of a single linear relationship between 
the two $ets of variables. 
In view of the doubts expressed in 6.1 concerning the 
appl~cability of recommended daily allowances, and the fact 
that it has little. overall effect on the first canonical cor-
relation, attention will be mainly devoted to the results ob-
tained on the ''unreduced" or raw nutrient intake variables in 
the paragraphs that follow. 
We may note that the first canonical correlations des-
cribing the relationship between nutrient intake and the bio-
chemical variables are of the same order for each racial 
group~ as those describing the relationship with the somato-
metric variables. They are, however, considerably higher for 
all races combined. This is probably due to the fact that 
the variation in both sets of variables is now increased by 
pooling the data for ihe different race groups. 
The first canonical correlation coefficient is not, 
strictly speaking, comparable to a simple correlation coeffi-
cient. It is, nevertheless, interesting to note that the 
first canonical correlations are considerably higher than any 
simple correlation between nutrient intake and a biochemical 
variable. The highest simple correlation (0,38) was found 
between serum carotene and the intake of both animal protein 
and riboflavin. This result would tend to emphasise the fact 
that there is no unique relationship between the intake of a 
specific nutrient and a biochemical variable. Ther~ is rather, 
a complex interrelationship between the intake of a number of 
nutrients and the concentration of a number of biochemical 
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variables. The relationship which we have been able to estab-
lish, is well described by the two. first canonical functions 
calculated on all racial groups. These were found to be: 
B (y) = - 0,048lyl 0,3550y2 0,0966y3 
1 
- 0,3957y4 + 0,24lly5 + 0,5532y6 
+ 0,1758y7 + 0,4214y8 
- 0;0388y9 ( 7) 
- O,l302y10 + O,l694y11 - 0,1789yl2 
+ 0,0967yl3 - 0,0372yl4 + 0,2025yl5 
where y. is the i-th nutrient intake variable (see Table 
1 
V of Chapter 2, the variable No. is given in brackets). 
y ( z) 
1 
= - 0 0280z I 1 + O,ll47z 2 + 0,0363z 3 
- 0,0912z 4 - 0,072lz 5 - O,l809z 6 
- 0,1263z 7 + 0,0024~ 8 + 0,3226z 9 
- O,l292z10 + 0,0307z11 - O,Ol86z12 
+ 0,0427z13 + 0,0618z14 - 0,0499z15 
+ 0,0318z16 - 0,129lz 17 + 0,133Sz18 
- 0,233Sz19 + 0,2877z 20 + O,l510z 21 
+ 0;2607z 22 
( 8) 
where z. is the i-th biochemical variable (see Table V 
1 
of Chapter 2, the variable No. is given in brackets). 
Since our variables have all been standardised relative 
to their respective means and standard deviations, once again 
the modulus of the regression coefficient for each biochemi-
cal variable is a measure of its importance in establishing 
the relationship with the nutrient intake variables. The 
rank order of the modulus of the coefficients together with 
the sign have been tabulated in the 3rd and 4th columns of 
9 8/ ..•.••. 
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Table XXII. As described above in the case of the somatome-
tric variables, it is not possible, from an inspection of 
these coefficients, to establish an optimum subset of bio-
chemical variables. In order to do this, we have as previous-
ly, carried out a stepwise regression analysis. 
6.6 Stepwise regression of the canonical function of nutrient 
intake on the biochemical variables 
The function B (y) (function no. (7) in 6.5 above), was 
l 
evaluated for the nutrient intake of e~ch subject in all four 
racial groups, (in the same way as g 1 (y) in Chapter 6.4). 
This function was then taken as the dependent varLable, and 
a stepwise regression analysis was carried out taking the 
biochemical variables as independent variables. The varia-
bles are tabula~ed in Table XXII in the order in which they 
were included. The ranks of the variables, the signs of the 
regression coefficients and the multiple correlation coeffi-
cients are tabulated in the last three columns of the table. 
In Chapter 6.4 we found that, when a stepwise regression 
of the £anonical function of the nutrient intake variables, 
g 1 (y) on the somatometric varLables was carried out, the or-
dering of the variables showed a remarkable similarity, to 
that obtained for the somatometric variables which best dis-
crim~nated between the Whites and the Bantu. 
In order to see whether a similar result would obtain 
for the biochemical variables, the order in which the bioche-
mical variables were included in the discriminant analysis 
between the four racial groups (Chapter 5.5, Table XVII) has 
been repeated in the 5th column of Table XXII. Since only 
15 variablei were included in the discriminant analysis, the 
rank numbers only go up to 15. The discriminant analysis 
was done on the four racial groups, and a discriminant func-
tion of the same form as XW-B (equation (2), Chapter 5.1), 
could be obtained for each pair of groups. Since the sign of 
the coefficient of a particular
1
variable could vary from one 
function to another, it is not possible to tabulate it. 
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100. 
At first little, if any, relationship appears to exist 
between the sequence obtained when discriminating between 
the four racial groups and the sequence obtained in the step-
wise regression analysis which related the biochemical vari-
ables to nutrient intake. It can, however, be seen that in 
the first six variables, three of those which occurred in the 
discriminant analysis (variables Nos. 6, 17 and 21 in Table 
XXII), also occurred in the stepwise regression analysis. 
The maximum multiple correlation in the stepwise regression, 
is reached at the inclusion of the lOth variable. Eight of 
these variables were included in the first 10 in the discri-
minant analysis between the racial groups. Thus, in spite of 
the lack of correlation betwe~n the rank numbers, virtually 
the same subset of biochemical variables appears to be impor-
tant in the two procedures. 
The first variable to be included was serum carotene. 
It is interesting to note that the simple correlation between 
serum carotene and the function of nutrient intake B (y) , is 
1 
the same value (0,53) as that observed (Table XX) between 
intercristal width and the canonical function of nutrient in-
take g (y). The fact that serum carotene is selected first, 
1 
makes good sense. Carotene is one of the few nutrients 
which occur in the blood serum and cannot be synthetized by 
the body. It seems, therefore, reasonable that it should be 
closely related to nutrient intake. 
a-Globulin, which was the first variable to be included 
in the discriminant analysis, is the second variable to be 
included in the stepwise regression analysis. (It is, how-
ever, only ranked 8th in absolute importance, when judged by 
the modulus of the canonical coefficient, (see column 3 of 
. 
Table XXII). The placing of this variable is at first soffie-
what puzzling. The result would appear to indicate that a-
globulin is related to nutrient intake, whereas we have re-
garded it (Chapter 5.4) as a measure of infection caused by 
an inflammatory condition. The apparent relationship between 
a-globulin and nutrient intake has an interesting explanation. 
101/ ......• 
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It has been shown by various research workers that malnutri-
tion and infection go hand in hand. For example, Wittmann 
et al. (1967), found in a study of Coloured families at Bonte-
heuvel, Cape Province, a negative correlation between nutri-
tion stat~s an-a infectious diseases. Various research work-
ers have shown that gastroenteritis and other infectionp 
occur frequently and nave a high morbidity and mortality, 
particularly in malnourished children. It would, therefore, 
appear that the relationship between the canonical function 
of nutrition status and a-globulin can be explained as fol-
lows: A low level of nutrient intake for certain children 
has resulted in a lowering of resistance and hence an in-
creased level of infections and inflammatory conditions. 
This in turn has resulted in raised a-globulin levels. 
If our interpretation of the above relationship is cor-
rect, it forms an interesting example of how a correlation 
can be found between two variables, not because they are 
directly related to one another, but because both are related 
to a third ~ariable. 
Chapter 7/ ...... . 
CHAPTER 7 
RELATIONSHIP BETWEEN SETS OF "CONSEQUENTIAL" VARIABLES 
7.1 Relationship between the somatometric and the biochemi-
cal variables 
We have already dealt extensively with the somatometric 
and the biochemical variables and have shown how both these 
disciplines are related to nutrient intake. If this be the 
case, it is only reasonable to suppose that these two disci-
plines would be related to each other. In order to investi-
gate this aspect, the canonical correlation coefficients were 
- -
calculated between the somatometric variables and the bio-
chemical variables. Once again this was done firstly on the 
raw data dealing with each racial group separately, and then 
with th0 data on all races combined. The results are shown 
in the ~>per half of Table XXIII. In general, the first 
canonicai correlation is somewhat higher for each race group 
than that found between the dietary and the somatometric vari-
ables or the dietary and the biochemical variables. It was 
highest for Whites (0,74) and lowest for Bantu (0,58). As 
previously, the remaining canonical correlations explain 
quite a high proportion of the relationship, particularly in 
the case of the Asiatics. The suggestion that the somatome-
tric and biochemical sets of variables are more closely re-
lated than either the nutrient intake and the somatometric, 
or the nutrient intake and the biochemical variables, is also 
reflected in the trace correlation which ranged from 0,28 to 
0,37. In every case the trace correlation differed highly 
significantly from zero (Table XXIII). 
The partial canonical correlations were then calculated 
as in Chapter 6.3 with the effeat of age partialled out. 
These results are shown in the lower half of Table XXIII. 
It can be seen that, in general, the partial correlation co-
efficient with the effect of age removed, is somewhat smaller 
for each racial group than the ordinary canonical correlation. 
When, however, particularly in the case of the Whites, the 
data for all racial groups is combined, the two coefficients 
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r~main the same. As pointed out in Chapter 6, this can pro-
bably be explained by the fact that the pooled data in re-
spect of the biochemical variables have a cotisiderably greater 
scatter than that for any given raci~l g~oup. The trace corre-
lation ranged from 0,24 to 0,34 and is, in every case, 'Slight-
ly smaller after the effect of age has been partialled out. 
It is, however, in each case somewhat larger than the trace 
correlation between the nutrient intake and the somatometric 
variables after the effect of age was partialled out. In 
every case it still differs highly significantly from zero. 
Since we have already indicated that both the somatome-
tric and biochemical variables form reasonably good estimators 
of nutrient intake, this relationship between these two sets 
is only to be expected. It is, however, encouraging since it 
would imply that in situations where it is desired to assess 
nutrition status by the cheapest and simplest procedure, the 
.measurement of the somatometric variables may well provide 
adequate information. 
Chapter 8/ ...... . 
CHAPTER 8 
A FACTOR ANALYTIC APPROACH 
8.1 The relevance of a factor analysis model 
In Chapter 3, a review was given of applicable multiva-
riate statistical techniques, and in the preceeding chapters 
we have delved heavily into the available statistical metho-
dology. We have used techniques for studying the interrela-
tionships between two sets of variables in Chapters 6 & 7. 
We have used techniques for discriminating between two or 
more groups in Chapter 5. One of the techniques for studying 
interrelationships amongst a set of variables, viz. a princi-
pal component analysis was used in Chapter 4. The remaining 
technique for dealing with this type of problem is, as was 
mentioned, a factor analysis. Thus far, we have hesitated 
in applying this procedure. We pointed out previously (Chap-
ter 3.3), that it was based on rather stringent assumptions. 
One of the most important was that it should be possible to 
postulate in advance that certain factors exist~ which cannot 
be observed explicitly, but which are measured by the varia-
bles. At the commencement of our study, we had no indication 
that such factors existed. The work of the preceeding chap-
ters would, however, seem to justify the assumption that 
phy~iological factors do in fact exist. 
In Chapter 4, we were able to demonstrate that in the 
somatometric variables there were three principal components 
which could be identified with the physiological aspects of 
' general body size, body fat,and soft body tissue. 
We could detect in the biochemical variables a total of 
four components relevant to protein status and the degree of 
exposure to antibody producing infections; ciroulating sepum 
body fats and fat soluble vitamins; nicotinic acid metabolites 
and water soluble vitamins. In the haematological variables 
two components relevant to the capacity to absorb oxygen and 
the capacity to combat infections could be identified. In 
1 o 6 I . ..... . 
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the dietary variables three components emerged which were in-
dicative of the kind of diet which was eaten. It seems, 
therefore, reasonable to accept that physiological factors 
exist such as could be described by a factor analysis model. 
8.2 Problems arising out of the presence of various age 
groups 
The type of problem which could arise due to the vari-
ables having been measured on children of various age groups, 
has already been detailed on various occasions. Whilst many 
of the variables studied are clearly related to age, it would 
appear, on the basis of the analyses presented above, either 
that age does not adversely affect the statistical procedure 
(as in the case of the discriminant analyses reported in 
Chapter 5), or that the effect of age tan be partialled out, 
or removed in some other way, (as in the case of the canoni-
11 cal correlations in Chapter 6). The effect of age on a fac- 'i 
tor analysis are, however, not yet clear. For this reason 
we have followed three analytical procedures. In the first, 
the effect of age was ignored, in the second, age was inclu-
ded as a variable, and in the third, the effect of age was 
partialled out of the correlation matrix. 
The results of the first two procedures were so similar 
that they will be discussed together below: 
8.3. Factor analysis on all variables for all racial srouEs 
showing the effect of including age as a variable 
The computer program used, both in this analysis and in 
those which follow, performed a principal factor solution 
followed by an orthogonal rotation of the factor matrix (Dixon, 
1968, p.l69; Harman, 1967, Chapter 8). The factor analysis 
was applied to all the relevant variables (Nos. 2 and 4-61 of 
Table V, Chapter 2.5) for all four racial groups. In the 
first analysis, the age variable (No. 2) was omitted. 
1 o 71 . ..... . 
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From the principal component analysis presented in Chap-
ter 4, a total of 12 factors could be expected in the varia-
bles of the four disciplines. In order to get an independent 
confirmation of the numbers of factors which could be expec-
ted, the eigen values were calculated. It was found that 
there were 11 eigen values greater than 1. A factor analysis 
was, therefo~e, carried out and 11 factors were extracted. 
The squared multiple correlations were used to provide ini-
tial communality estimates, and iterative rotations of the 
factor matrix were carried out until a criterion for conver-
gence was met. The criterion required that in four succes-
sive rotations the change in the sum of the factor loadings 
be less than 10- 7 (Dixon 1968, p.l77). Six rotations were 
necessary. 
The results for the first 10 factors are shown in Table 
XXIV. The eleventh factor had only one high loading (0,70) 
o~ mixed protein. It would thus appear as if too many fac-
tors were extracted. The last factor was, therefore, omitted 
in the table and only 10 factors were extracted in the subse-
quent analyses. The variables and. relevant factor loadings 
have been listed in the body of the table in the order of the 
modulus of the factor loading. In each case, one or two vari-
ables with low loadings and unimportant to the particular fac-
tor, have been tabulated to show the relative size of the fac-
tor loadings; these are separated from the larger loadings by 
a dotted line. This line has been drawn where, if evident, a 
sudden fall could be discerned in the modulus of the factor 
loadings, or where the factor loadings fell below 0,5. At 
the head of each factor the applicable physiological interpre-
tation as we see it, has been given. 
In the second place the analysis was repeated on the 
same data set but including age as a variable. This time, 10 
factors were extracted and 7 rotations of the factor matrix 
were necessary to meet the convergence test. The results are 
tabulated in Table XXV. It can immediately be seen that there 
is a remarkable similarity in the two sets of results. 
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110. 
In both cases the first factor is one of general body size. 
The sam~ variables appear with similar factor loadings, and 
in al~ost the same order. The loadings which may be inter-
preted as the correlation between the factor and the variable 
are, however, positive in the analysis where age was ignored, 
and negative in the analysis where the age was included as a 
variable. There is also a faster fall off in the modulus of 
the loadings in the former analysis than in the latter. Al-
though the factor relates to general body size~ it can be 
seen that the variables indicative of tissue body fat have 
also been listed, but with considerably smaller loadings. 
In both cases the second factor relates to circulating 
serum body fats. Once· again, the same variables are involved 
in almost the same order, and the factor loadings are very 
similar. 
The third factor in each case, represents food intake~ 
particularly that of the protein, and energy-producing food-
stuffs. Once again, the loadings in the second analysis are 
all negative for this factor. 
The fourth factor represents the serum protein fractions. 
In the analysis where age was ignored, the globulin fractions 
relating to the degree of exposure to antibody-producing in-
fections are given slightly more prominence than in the ana-
lysis where age is included as a variable. The two factors, 
however, remain extremely similar. They contain the same va-
riables, but in a somewhat different order. 
The fifth factor in both cases relates to the combatting 
of infection by means of certain cells which are part of the 
differential white cell count. In the one case, the lympho-
cytes(which combat antibody-producing infections) have a po-
sitive loading, and in the other case the neutrophils (which 
combat any foreign bodies in the blood stream). 
111 I . ..... . 
111. 
In the sixth factor the first difference oc~urs in the 
results of the two analyses. In the first analysis (effect 
of age ignored), the factor represents the ability of the 
blood to absorb oxygen or oxygen uptake. This factor only 
comes in as the 8th in the second analysis (age included as 
a variable). In the second analysis, the 6th factor repre-
pents the tissue body fat with a very clear demarcation in 
the size of the loadings between the three skinfold measure-
ments, and the other somatometric measurements also listed 
cinder the factor but indicative of general body size. 
For both analyses, the 7th factor represents the n~co­
tinic acid metabolites. Only in the first analysis, however, 
do the 2-pyridone and pyridone/N 1 -Me variables both have 
! 
reasonably high loadings. In the second analysis only 2-
1 
pyridone has a high loading. 
I 
In the first analysis, the 8th factor is difficult to 
label, a.result which may be due to the fact that 11 factors 
rather than 10 were extracted. As already mentioned in the 
second analysis, the 8th factor clearly represents oxygen up-
take. 
In the case of the first analysis, the 9th factor repre-
sents tissue body fat and is equivalent to the 6th factor in 
the second analysis. The 9th factor in the second analysis 
represents food intake. The emphasis appears to be on animal 
protein foodstuffs in this factor, whereas it appears to be 
on vegetable protein in the 3rd factor of the same analysis. 
For both analyses, the lOth factor clearly represents 
protein status as indicated by the serum albumin concentra-
tion (expressed either as an absolute value, or as a propor-
tion of the total serum protein). It would appear, since 
albumin in both analyses has a considerably higher loading, 
that it is probably the better of the two indices for esti-
mating protein status. 
112 I . ..... . 
112. 
The measure of agreement between the two analyses, the 
one ignoring age, and the other including it as a variable, 
is remarkable. The inclusion of age as a variable in the 
second analysis and its subsequent inclusion in the first 
factor, implies that the effect of age has been largely re-· 
moved from the other factors in Table XXV. Tfiis results sug-
gested the possibility of eliminating from the correlation 
matrix, the effect of age before the analysis was performed. 
The way ~n which this was carried out and the result obtain-
ed, is described below. 
8.4 Factor analysis on all variables for all racial groups 
with the effect of age partialled out 
The partial correlation matrix wa~ calculated with the 
effect of age partialled out by replacing each element r .. lJ 
of the correlation matrix by the partial correlation r .. k 
. lJ. 
(as defined in (4) in Chapter 6.3). The factor analysis, as 
described previously in Chapter 8.3, was then carried out on 
the partial correlation matrix.· The results have been tabu-
lated in Table XXVI in the same way as previously. All the 
factors which occurred in the first and second analyses can 
be discerned in the analysis with the effect of age partialled 
out, though the factors are in a somewhat different order (as 
based on the size of the eigenvalues). 
In order to facilitate the comparison of the factors, 
the physiological characteristics which they represent have 
been tabulated in Table. XXVII. It is interesting to note that 
.the first and last factors for all the analyses are identical. 
The first representing general body size and the last protein 
status. In the third analysis with the effect of age partial-
led out food intake, however, appears in the 2nd factor rather 
than the 3rd, and the serum protein fractions occurs in the 
3rd factor rather than the 4th. The circulating (serum) body 
fats which were in the second factor in the first two analyses 
occur in the 4th factor in the third analysis. 
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The 5th factor represents oxygen uptake which occurred 
6th in the first analysis and 8th in the second analysis. 
The 6th factor represents the;ability of blood to combat in-
fection. This occurre~ 5th in both the first and second ana-
lyses. The 7th factor represents tissue body fat with the 
upper arm circumference variable, which we have seen to be 
indicative of soft body tissue, also having a reasonably high 
loading. 
The 8th factor represent9 the nicotinic acid metabolites 
which were included in the 7th factor for the first two ana-
lyses. 
The 9th factor again represents food intake, this time 
perhaps with the emphasis on vegetable protein.· In the 9th 
factor of the second analysis, a similar characteristic emer-
ged but with the emphasis on animal protein. The lOth factor, 
as already mentioned, is identical for all three analyses and 
represents protein status. 
In considering the results of these three analyses, it 
is difficult to select any one of them as having given the 
best results. Theoretically, since many of the variables 
are dependent oh age, the last analysis (Table XXVI) should 
be the most reliable. It is, however, comforting to note 
that whether age is ignored or included as a variable, it 
does not have any serious effect. Since, in research in the 
biological field, the research worker may often be reluctant 
to omit the measurement of variables whose importance has not 
yet been established, it is indeed encouraging to find that 
a variable such as age, which is so evidently related to many 
of the variables (e.g. the somatometric variables descriptive 
of general body size) can be omitted from the analysis without 
serious loss to the results. 
It is interesting to note that the somatometric variables 
descriptive of tissue body fat and the biochemical variables 
11 6/ ...... . 
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descriptive of circulating serum body fats, do not occur in 
the same factor. The reason for this is probably two-fold. 
First, it must be borne in mind that although all the vari-
' 
ables with the exception of the dietary variables, were 'mea-
sured simultaneously, there is a physiological time-lag be-
tween the somatometric variables and the biochemical varia-
bles. Secondly, it has never been clearly shown to what ex-
tent the circulating serum fats are indicative of total body 
fat. The present results may well suggest that they are less 
closely related to total body fat than has sometimes been 
suggested. 
8.5 The identification of requndant variables 
It will be remembered that, when stating our purpose in 
Chapter 2, namely, to select an optimum subset of variables 
by which nutrition status can best be defined and ass~ssed, 
we posed two criteria for the rejection of variables. The 
first being to reject "noise" variables, i.e. those variables 
that are little related to nutrition status. The second 
being to reject those variables which, although related to 
I 
nutrition status~ are so highly correlated to one another 
that the measurement of both is unnecessary. 
It would appear that the variables which have been group-
ed together with high factor loadings for a particular factor 
measure the same aspect to a large extent. This can clearly 
be seen in respect of those variables indicative of general 
body size. These were height, cristal height, ulnar length, 
weight, biacromial width, intercristal width and calf circum-
ference, all with a factor loading whose modulus was in ex-
cess of 0,60. Clearly, if we wished to select an optimum 
subset of these variables for the purpose of measuring gene-
ral body size, the first two or three would be sufficient. 
In a similar way an optimum sUbset of variables could be se-
lected for each of the other factors. The actual s~Zection 
of variables of any given survey would depend on which factors 
117 1 . ..... . 
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wePe of intepest and how accuPately each of them needed to be 
measuPed. The replicating of information by different disci-
plines would also' have to be considered. We will pursue 
this line of thought further when summing up the results of 
all the statistic~l analyses in Chapter 10. 
The factor analysis should, however, also be able to make 
a contribution in respect of identifying those variables which 
are unrelated to the general infoPmation contained in the data 
set. These are the variables with low communalities after 
the final rotation of the factor matrix. They have been rank-
ed in Table XXVIII in the order of increasing communalities 
for the first 14 variables. T,he 3rd column of the table 
identifies the relevant discip,line, whilst the last three 
columns show the rank number of the particular variable for 
the three analyses in which the effect of age was ignored; 
included as a variable; or partialled out. 
It can be seen that a high measure of agreement exists 
between the last two techniques. The order obtained for the 
first analysis in which age was ignored disagrees markedly 
after the first three variables. The reasons for this may be 
I 
twofold. It is probably due to the "age effect" on the vari-
ables, ~hich has not been taken into account. It could, how-
ever, be partly related to the fact that in the first analy~ 
sis we extracted 11 factors, whereas only 10 were extracted 
in the other two analyses. 
In the unlikely event of the different order being due 
to some extent to the difference in the number of factors ex-
tracted, the results would be highly variable and would, 
therefore, have limited value. Although this is probably not 
the case, we will confine our attention to the first few vari-
ables. 
All the variables were initially selected with a view to 
assessing nutrition status. The variables with low communa-
lities will, therefore, be unrelated to nutrition status, but 
118 1 . ..... . 
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may have value. in assessing the clinical condition or general 
health of the child. They should thus be carefully considered 
before being rejected in any future survey. 
The first variable was the monocyte count. Monocytes 
also combat foreign bodies.in the blood stream but have not 
been included in any of the factors for any of the analyses . 
.. 
The second variable is .the total white cell count. White 
cells, have likewise, never had a high loading. The third is 
eosinophils, which are involved in combatting parasitic in-
fections or allergies. Both monocytes and eosinophils were 
included in the 3rd principal component in the principal com-
ponent analysis on the haematological variables, but appear 
to be less important in the overall context than lymphocytes 
and neutrophils. 
The fourth variable is mixed protein. Whilst this is a 
nutrient intake variable, it is clearly a very poorly defined 
one since, when a food is classed as a mixed protein, this is 
in effect an admission that the dietician was unable to deter-
mine the proportion of animal to vegetable proteins in the 
food. It is, therefore, not surprising that this variable 
would be unimportant in estimating nutrition status. 
The further sequence of the variables can be seen from 
Table XXVIII. It would appear reasonable, if variables are to 
be rejected, to consider those which appear early in the 
table as the first candidates. 
8.6 Biological applications of factor analysis 
As stated in Chapter 3, many variations of the factor 
analysis technique have been developed, and we have used only 
one of them above. Whilst the applications of factor analy-
sis in psychology where this technique had its origin, are 
legion, relatively few applications in the biological sphere 
can be traced in the literature. Such applications have, 
however, covered a wide field as will be illustrated by the 
examples given below: 12 0/ •...... 
120. 
Sakal and Daly (1961) e.g. have used a factor analysis 
to study insect behaviour. A total of 19 biological variables 
were measured on six species of insects. These were of two 
kin~s; those involving the pulsation of the heart or gut, 
and those involving fleeing reactions of the insect when ex-
posed on a glass surface. Six physical variables were measu-
red concurrently with the biological variables. The authors 
note six factors that appeared to ''cause" most of the corre-
lations observed in the study. Two of.these related to phy-
sical aspects and four related to the type of insect or its 
locomotion. They conclud~d that: " .... at least some of the 
factors could be reified to meaningful physical and biological 
variables while the unidentified factors served to indicate 
the need for further enquiry". 
Wallace and Bader (1967), have used a factor analysis to 
investigate 27 dental and cranial measurements in the house 
mouse. They were able to identify five common factors with 
respect to the 27 variables which they concluded were related 
to width, anterior length, posterior length, skull and "M3". 
They concluded that their analysis yielded "a more general 
view of the forces, or morphogenetic fields, affecting tooth 
size and interrelationships than can be obtained from the 
individual correlation coefficients". 
Rohlf and Sakal (1962) have used the factor analysis 
technique to assist in the description of taxonomic relation-
ships. They illustrated the technique on data arising out of 
a study of the hoplitis complex of bees, and conclude that 
the factors resulting from the analysis correspond in most 
cases to the previously established taxonomic groups. 
Pearce and Holland (1960), discussed the application of 
a factor analysis to problems of fruit tree growth and crop-
ping, and concluded that multivariate methods such as factor 
analysis, could lead to a better understanding of the tree as 
a whole. Gould (1965), has used a factor analysis technique 
to study evolutionary patterns in pelycosaurian reptiles. 
12 Jl • .••••• 
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Kraus and Choi (1958) studied the prenatal growth of the 
hu~an skeleton by me~ns of a so-called factorial analysis, 
using the simplified method for the calculation of principal 
components put forward by Hotelling (1936). They concluded 
that the long bones of the human foetal skeleton are under a 
"major regulatory control" which they called the principal 
component but that there were, in addition, "regional charac-
teristics of growth" which were under the influence of 
"secondary factors or components". 
Doll and Bukatsch (1952), used a factor analysis to study 
age standardised mortality from various causes for a number of 
towns in England and Wales. We have already referred (Chapter 
4.5) to the work of Burt and Banks (1947) who carried out a 
factor analysis of body measurements for British adult males. 
As we pointed out, there is a similarity between their results 
and the results of our principal component analysis on the 
somatometric measurements. 
The above give some idea of the heterogeneous nature of 
factor analysis applications in the biological field. The 
technique has, however, never to our knowledge, been used be-
fore to aid in the selection of an optimum subset of variables 
by which nutrition status can best be assessed. 
Chapter 9/ ..... . 
CHAPTER 9 
A CLUSTER ANALYSIS APPROACH 
The technique of cluster analysis was described in Chap-
ter 3.4. It was pointed out that there are basically two 
types of cluster analyses. The first represents an attempt to 
cluster subjects into groups so that in terms of the observed 
variables the differences in subjects between groups, will be 
much larger than the differencffiwithin groups. The second 
form of cluster analysis is one which aims at grouping together 
variables which measure the same or a similar characteristic. 
The application of the first form of cluster analysis viz. the 
clustering of subjects could be applicable to our present data 
set. It would represent an attempt to cluster the school chil-
dren into different physiological types in respect of the ob-
served variables but this is outside the scope of the present 
report. 
It is, however, of interest to assess to what extent the 
~ariables measured can be group~d tbgether on the basis of the 
information they contain. This approach will be discussed be-
low. 
9.1 The rationale for clustering variables 
The concept of clustering variables is not new to our 
study. This, in a sense, is what we have done in Chapter 4 
by means of the principal component analyses. We have identi-
fied those variables which can be associated with a particular 
principal component. These are the variables which collective-
ly measure a particular characteristic, and we have seen that 
in many cases this characteristic has biological identity. 
The .concept of clustering variables was further developed in 
the factor analyses dealt with in the previous chapter. Here, 
on the basis of previous results, we presupposed the existence 
of factors and then demonstrated how these could be identified 
in terms of .the observed variables. The factor loading, which 
is the correlation between the factor and the·observed varia-
ble, provided an indication of the importance of the variable 
12 3/ ...... . 
12 3. 
in describing the factor. 
The technique we will now follow, however, has certain 
important differences. Firstly, it requires none of the strin-
gent assumptions which are inherent in the factor analysis ap-
proach. Secondly, the variables will be grouped in clusters 
in such a way that the position of each variable is unique. 
That is to say, a VaPiable will occuP in one and only one 
clustep in contrast to both the principal component analysis 
and the factor analysis which permit a variable to have a high 
loading on more than one factor. In a sense then, clustering 
of variables implies the identification of a "simple" attri-
bute which can be measured explicitly in terms of one or more 
variables. This is of course contrary to one of the basic 
assumptions in factor analysis. 
A third difference between the clustering of variables 
and the techniques we have used previously, is that, when 
using a cluster analysis approach, it is possible to observe 
nested gPoups of clusteps. Thus, we might have two small 
clusters each measuring a specific attribute, which combine 
together to form a larger cluster with a composite attribute. 
The cluster analysis procedure does, however, also have 
distinctive disadvantages over those which we have used pre-
viously. computationally, the cluster procedures have not 
been well worked out and tend to proceed in a ~omewhat clumsy 
and time-consuming fashion. As such they form a distinct con-
trast with the elegant mathematical procedures of principal 
component or factor analysis. Because of this, cluster proce-
dures tend to use a great deal of computer time and, are there-
fore, costly to use. The analysis which we are about to des-
cribe ran for 45 minutes, fast core, on an I.B.M. System 360 
Model 65 computer, and cost some 15 times more than a compara-
ble factor analysis. Because of this, the analysis was only 
run once although a variety of approaches are possible. 
12 4 I . ..... . 
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The program used, (BMDPlM), was one of a new BMD series 
(Dixoni 1968), written in the Health Sciences Computing Faci-
lity, UCLA but not yet published. It was designed to produce 
a cluster analysis of variables by associating those variables 
which are highly similar in "clu~ters". Each cluster in turn, 
is treated as a single variable and associated with artother 
variable to produce a new cluster. Similarity between the 
variables is judged on the basis of a distance matrix 
d . . = 50 ( 1 - r .. ) lJ lJ (1) 
where r .. is the correlation between the i-th and j-th lJ 
variables. The algorithm in the cluster~ng procedure, de-
fines the two most highly correlated variables (i.e. those 
with the smallest distance between them) to be a cluster. 
It then regards this cluster as a simple variable and again 
finds the two variables which are closest together in terms 
of the distance function. This procedure is continued itera-
tiV~ly until all the variables have been clustered. 
9.2 Results of cluster analysis applied to all variables for 
all racial groups 
The cluster analysis procedure was applied to all vari-
ables for all racial groups. The results have been summarised 
in Table XXIX. The use of the table requires some explanation. 
The variables with appropriate identification numbers are ta-
bulated in a specific order, with those variables which form 
part of the same cluster close together. To the right hand 
of the variable numbers, the matrix of distances has been 
printed. If, for example, we wish to observe the distance be-
tween biacromiaZ width (No. 24) and weight~ (No. 20), we would 
start from the point where the diagonal line meets the horizon-
tal line associated with biacromial w~dth and proceed up the 
line (in a north-easterly direction, assuming north to be at 
the top of the table), until we intercept the horizontal line 
associated with weight. At this point, a distance of 5 can be 
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read off from the table. The correlation between the two 
variables can also be calculated from the table since it fol-
lows from (1) 
r .. = 1 - d .. I 50 lJ lJ 
. In this case r = 0,90 
2 4 2 0 
It can be observed that variables which are close together, 
or highly correlated, have been tabulated near to each other. 
The diagonal and horizontal lines drawn in on the graph indi-
cate clusters identified by the program. Thus, at the top of 
the table, the smallest cluster is that of weight and calf 
circumference with a distance of 2, (r = 0,96). This cluster, 
however, is nested within the cluster formed by weight, calf 
circumference and upper arm circumference with maximum dis-
tance of 4, (r = 0,92). It can be immediately identified as 
a parameter of general body size. Just below this, a cluster 
representative of the skeletal measurements can be observed 
stretching as we move down the list of variables, from inter-
cristal width to biacromial width. The maximum distance in 
this cluster viz. the distance between biacromial width and 
intercristal width, is 7. It appears to represent skeletal 
s& z e. 
In a similar fashion, a cluster below this, can be ob-
. . 
served which is representative of tissue body fat. Again in 
this cluster the maximum distance is 8,(r = 0,84). It can, 
however, be seen that the cluster representative of body size, 
skeletal measurement and tissue body fat forms a composite 
cluster of somatometric measurements, with maximum distance 
35, (r = 0,30), representative of the somatometric measure-
ments. 
Below this we have a large cluster representative of 14 
of the nutrient intake variables. This would clearly repre-
sent food intake. Only mixed protein is excluded from the 
12 7 I . ..... . 
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group and this variable, together with S-globulin is equally 
closely related to the somatometric variables as to the dietary 
variables. The problems relating to mixed protein have been 
'discussed in Chapter 8.4, and the unsatisfactory nature of 
this variable has been indicated. 
Below this, we have a large cluster representing the bio-
chemical variables. Within this are nested clusters relevant 
to serum fats and fat-soluble vitamins~ protein status and B 
vitamins. The latter cluster can be sub-divided into vitamin 
BS (or nicotinic acid metabolites) and vitamin B2. It can be 
seen that all the di~tance measures between the biochemical 
variables in the large cluster~ are less than 50 indicating 
that they are positively correlated with each other. 
Below this, we have the neutrophils and white cells which 
form part of a collection of clusters, consisting of all the 
variables already listed. Below this we have monocytes, which 
are notrelated to any specific variable, but can be grouped 
with all the remaining variables. Below these, we have a clus-
ter of two variables, haematocrit and haemoglobin which we 
have seen (Chapters 4.3 and 8.3) to be indicative of oxygen 
uptake. The M.C.H.C., which is in fact a function of haema-
tocrit and haemoglobin, is also related to this cluster but 
not as closely. 
Below this, we have a cluster consisting of some more 
biochemical variables. The larger cluster reaching from total 
protein down to a-globulin, repr~sents the total protein and 
protein fractions in the blood serum. Within this, are nested 
two clusters, one relating to the y-globulin fraction which, 
as we have seen, is associated with combatting chronic (anti-
body-producing) infections~ and one relating to a-globulin 
and sedimentation rate. We have seen that a-globulin is 
thought to be associated with inflammatory conditions. The 
inclusion of sedimentation rate in this cluster is, therefore, 
most interesting, since it is a well-known fact that when in-
fection is present in the body, the sedimentation rate is 
12 8/ .....•. 
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increased. 
Below this we have the urinary and serum amylase activity, 
forming a small cluster. As we have seen in Chapter 5.4, this 
enzyme is responsible for breaking down the dietary starch in-
to simple sugars. Below this we have a cluster consisting of 
alkaline phosphatase and inorganic phosphorus, which are both 
active in bone metabolism and also form parameters of estima-
ting vitamin D status. Below this, we have the remaining 
variables in the differential white cell count, eosinophils, 
and lymphocytes. The former is related to combatting parasi-
tic infections~ and the latter to combatting antibody-produ-
cing infection. 
It is evident that a simple clustering procedure such as 
we have used can produce a remarkably coherent and clear cut 
_indication of the interrelationships amongst the variables. 
The similarity between these results and those obtained both in 
the principal component analysis for each racial group (Chap-
ter 4) . and the factor analyses carried out on all racial 
groups (Chapter 8) is striking and will be discussed below. 
9.3 Comparison with previous results 
Since the principal component analyses were carried out 
on each discipline individually, they are more likely to bring 
out detailed characteristics than the factor or cluster ana-
lyses which were done on all disciplines combined. We will, 
therefore, mostly confine ourselves to a comparison of the 
cluster analysis results with those obtained for the factor 
analyses. 
If we compare the summary in Table XXVII with Table XXIX 
we can see that each factor mentioned in the former can be 
found in the latter. The cluster analysis, however, permits 
observing the factors in greater detail. In the factor ana-
lyses, for example, the factor of serum protein fractions 
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emerged in all three analyses. It was the fourth factor in 
the first two analyses and the third factor in the last factor 
analysis. In'the cluster analysis, however, we note that a 
further dichotomy of the variables is possible into those re-
lating to ch~onic (antibody-p~oducing) infections and those 
relating to inflammatory conditions. Furthermore, sedimen-
tation rate, which is known to relate to inflammatory condi-
tions, has been included in the cluster analysis. The cluster 
I 
a~alysis was unable to separate out the concepts of general 
body size and soft body tissue or musculature, but then, 
·neither was the factor analysis. These were only discernable 
in the principal component analysis carried out solely on the 
somatometric variables. 
The comparison of the factor analysis and cluster analy-
sis techniques is interesting. As we have observed, the fac-
tor analysis permits (at least in theory) the measurement of 
a complex factor which cannot be explicitly measured. In this 
process a variable may, in fact, be likely to contribute infor-
mation on more than one factor. In the cluster analysis, how-
ever, the concept which is measured, is one which can be uni-
quely expressed by a group of variables,.and these variables 
are.not related to any other concept or factor. 
Whilst the factor analysis model is probably nearer the 
truth in a biological problem of this kind, it would seem, 
since we have been able to name every cluster produced in the 
cluster analysis, that biologists, in general, are used to 
thinking in terms of simple rather than complex factors. Both 
the ability to postulate complex factors, and then to unravel 
these by means of a factor analysis, must of course be credited 
to the psycologist. He can postulate concepts such as arith-
.metic ability, intelligence, memory and thert devise a series 
of tests, none of which can specifically measure any of the 
concepts he has postulated, but each of which measure a pro-
portionate part'of a number of concepts. 
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It would seem possible that such a situation could well 
exist also in the biological field in terms of the variables 
we have been studying but, by and large, the results of the 
\ 
factor analyses seefu to sugges~ that the biological situition 
can be adequately d~scribed by ~imple rather than complex 
factors. 
The factor analysis provides some indication of the re-
dundant variables based on a study of the communalities. It 
is interesting to note that the variables with low communali-
ties (Tables XXVIII) are usually those with a distance mea-
sure in the region of 50 from all other variables in the clus-
ter analysis (Table XXIX). 
In general then, it would appear that the two techniques 
of cluster analysis and factor analysis are, to a considerable 
degree, complementary the one to the other. If, however, only 
one of the two techniques is to be used, then factor analysis 
has little to offer which is superior to cluster analysis, ex-
cept computational facility. The stringent underlying assump-
tions associated with the factor analysis model must, further-
more, be held against it. The cluster analysis, in comparison, 
is conceptually simple. It involves a straightforward (if 
somewhat lengthy) procedure and gives a clear cut ~nd unambi-
guous end result. Accordi~g to Engelman (1972), it should be 
possible to improve the speed of the cluster analysis proce-
dure 20 fold by a refinement of the computing procedure. This 
would make it an extremely useful and usable technique. 
The present study is, to our knowledge, the first in which 
the techniques of factor analysis and cluster analysis have 
been compared on a large number of biological variables asso-
ciated with a variety of disciplines. The similarity in the 
results would seem to suggest that both techniques are reli-
able in the basic information they reveal. 
Chapter 10 I . ..... . 
CHAPTER 10 
GENERAL SUMMARY AND CONCLUSIONS 
Whilst the primary purpose of this study has been the 
solution of a biological problem relating to the choice of 
variables for the assessment of nutrition status, the work 
has yielded an interesting illustration of the usefulness and 
reliability of a number of multivariate statistical techniques. 
This aspect will first be dealt with before the biological im-
portance ot the results is discussed. 
10.1 The reliability and comparability of the multivariate 
statistical procedures 
The data set on which the present study is based has pro-
vided a useful means of demonstrating both the potential and 
the limitations of a number of statistical techniques. It was, 
as we have pointed out in Chapter 2, based on representative 
samples of Pretoria school children in the age range 7-15 years 
from the four racial groups. Care was taken to obtain a ran-
dom sample stratified according to age, sex and race, and no 
effort was spared to ensure that the response to the sample 
was as complete as possible. The recording of the variables 
was carried out with care and the techniques of assay or mea-
surement used, were the most reliable available at the time. 
We had thus, a coherent and meaningful data set in which a 
volume of biological information was hidden. The extent to 
which this information has been deciphered is, at least in 
measure, a patent commentary on the value of multivariate sta-
tistical methodology. 
Viewed in this light, the value of the stepwise discri-
minant analysis has been clearly demonstrated. The fact that 
differences could be established between, for example, the 
White and Bantu racial groups on the basis of their somatome-
tric variables, notwithstanding the dependence of many of the 
variables on age, is a tribute to the inherent robustness of 
the technique. Its power to detect proportional differences 
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in the variables, has, as far as we know, not been noted in 
the literature. The ability of the discriminant analysis to 
identify the White and Bantu racial groups on the basis of 
such differences has, however, been clearly demonstrated. 
The results have, furthermore, served to show the inhe-
rent similarity between the stepwise regression analysis and 
stepwise discriminant analysis procedures. They have also 
served to high-light an important characteristic of both these 
procedures, which has, on occasion, led the biological re-
search worker. to misinterpret his results: The sequence 
in which the variables are included depends on the amount of 
"new" information which each can contribute, and is not rela-
ted to the absolute importance of the variables in the rela-
tionship which is being studied. The study has shown that a 
discriminant analysis is an intelligible, stable and highly 
useful statistical procedure, which has wide application in 
the biological field. 
The study of the relationship between causal and conse-
quential sets of variables has provided an interesting demon-
stration of the usefulness of the canonical and trace corre-
lation coefficients. Since it is incumbent upon the biologi-
cal research worker to tread warily, for fear of spurious 
relationships, the facility provided by the partial canonical 
and trace correlation coefficients for removing the effect of 
a variable such as age (which might have been responsible for 
a spurious correlation), is indeed a valuable one. This sta-
tistical procedure is relatively new and unknown, but should 
have wide range of application in biological research. The 
use of the stepwise regression analysis in conjunction with 
the canonical function, which as far as we know has never been 
done before, has provided an interesting example of how two 
statistical techniques can be combined to throw light on an 
important aspect. Were it not for the facility provided by 
the combination of these two tests, we would not have been 
able to derive the result (to be discussed more fully in the 
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following section), which suggest that differences in skeletal 
proportion may have a nutritional origin. 
The best insight into both the pitfalls and potential of 
multivariate statistical techniques has, however, been obtain-
ed from the principal component, factor and cluster analyses. 
The consistency of the factor analysis procedure ~n the 
three analyses which were carried out, in which age was igno-
red, included as a variable, or partialled out of the correla-
tion matrix, is highly satisfying. Clearly, this result does 
not permit any form of generalisation, but it may be a com-
forting thought for the biological research worker that even 
if there is some unknown variable which he cannot measure, 
which is related to the variable he is studying, it may after 
all not have too disturbing an effect on his results. 
We have described in Chapters 3 & 4 how a principal com-
ponent analysis is essentially a mathematical procedure for 
breaking down a covariance or correlation matrix into a set 
of orthogonal components or axes. It is thus basically a 
technique which assumes that the variation observed, is mainly 
due to the component having a characteristic effect on each of 
the variables. In contrast, the factor analysis attempts to 
take into account the possibility of extraneous variation. 
This is indeed the purpose behind replacing the "ones" in the 
diagonal of the correlation matrix with the so-called communa-
lities. These communalities would represent the proportion 
of the variation of each variable which is due to factors 
operating on some or all of the other variables. The rest of 
the variation is assumed to be due to chance (Pearce and 
Holland, 1960). 
The methods used for determining the communalities have, 
on occasion, been severely criticised. For example, Ehrenberg 
(1962) states " the 'best' communality cannot be determined 
easily, if at all. A good many rules for choosing some number 
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or other have been invent~d, but these rules all tend to give 
different answers". 
We have no intension of going into the many varieties of 
£actor analysis procedur~s, much less of presenting a case i~ 
their defence. The results of our investigation can speak for 
themselves. In our analyses, the principal component analyses 
and the factor analyses were not carried out on the same data 
set, and are therefore, not directly comparable. The simila-
rity of the results of the two procedures is, nevertheless, 
quite remarkable. What is even more remarkable, however, is 
the extent to which the results of the cluster analysis~ which 
was done on the same multidisciplinary data set as the factor 
analyses, compare with the results of the factor analyses~ 
~ 
The principal component analysis is an elegant mathemati-
cal procedure. The factor analysis is even more sophisticated 
and dependent in addition, on stringent assumptions. In con-
trast, the cluster analysis is, at best, an empirical and 
rather pedestrian procedure for "making sense" out of the 
correlation matrix. And yet, the strength of the procedure 
lies in its simplicity. It is conceptually so straightfor-
ward that it can be clearly described and understood, even by 
the non-mathematical research worker. Since it makes no 
assumptions, there are none which require defending. Yet, as 
we have seen, it has given basically the same information as 
the principal component or factor analyses. Our results then, 
are encouraging in that the three procedures present a coherent 
and interpretable result or series of results. 
The factor analysis procedure may have a usefulness over 
the other techniques in respect of the problem of rejecting 
redundant variables. This aspect will be dealt with more 
fully in the following section. 
We have pointed out that a factor analysis tends to mea-
sure complex factors (where one variable may be related to 
more than one factor) while a cluster analysis displays 
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simple factors. 
To a certain extent, therefore, the technique of cluster 
~nalysis appears to be supplementary to that of either a prin-
cipal component or factor analysis. If possible, it would be 
useful to carry out a cluster analysis in conjunction with 
I 
either a principal component or factor analysis. There is, 
however, a considerable measure of duplication in the results 
I 
they provide. Hence the calculation of both procedures may 
not always prove economically justifiable. As far as the 
choice between a principal component or factor analysis is 
concerned', we cannot, as we have stated, make a direct com-
parison between the results of these two procedures. Our re-
sults do however, tend to raise 'a question whether the greater 
sophistication of the factor analysis procedure is really 
I justified. Jn the context of the problem we are studying, the 
answer (except for the possibility of eliminating redundant 
variables~ on the basis of low communalities), might well be 
in the negative. Perhaps some o~ the critisms levelled at 
I 
factor analysis would never have been made, had its exponents 
showed more restraint or been more selective in its applica-
.tion. 
Having expressed some doubt as to the necessity of carry-
' ing out the factor analysis, we must hasten to point out that 
the combined contribution of the three procedures has provided 
results which are of real value to the biologist. This aspect 
will now be discussed. 
10.2 The biological importance of the results 
Before going on to discuss the biological importance of 
the results,,it is well to note in passing that there are cer-
tain factors outside the control of this study which may af-
fect its validity. Firstly, the result must in the final 
count, be a, function of the variables observed in th,e survey. 
No statistical procedure can present information relevant to 
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a variable which has been omitted from the data set (though it 
is possible that a procedure might suggest that not all the 
I 
relevant variables had been included). To what extent then 
could this aspe~t have inf~uenced our,results? As far as the 
somatometric variables are concerned, the variables measured 
were those which could most readily be taken and which are 
best known. The skinfold measurements were, however, taken 
on the left ~ide ~f the body (Smit, l968,p.I08), whereas it 
is customary to take them on the right side. It is not, how-
ever, likely that this could affect the predictive capability I . 
of the variables. As far as nutrient intake is concerned, the 
intake o~ most, if not all, known nutrients was measured. The 
' ' 
situation is less clear cut for the biochemical variables but, 
it would appea1r that most of the well known biochemical para-
meters have be~n measured. The same would appear to b~ true 
for the ha~matological variables. It would therefore appear 
that on the whole, we are safe in assuming that most, if not 
all, of the potentially useful variables for estimating nutri-
' tion status~ have been included in our data set. 
There is, however, a further possibility for error, viz. 
if too many redundant variables which happen to relate to the 
same or similar aspect, have been included, these may bias our 
results. This is difficult to assess. If we knew which vari-
ables were redundant, we would not be faced with the problem 
of selecting an optimum subset. We can only say that the vari-
ables selected, represent an honest attempt at choosing all 
known variables thought to be relevant to the problem of assess-
ing nutrition status. 
There is a further aspect-which can effect the validity 
of our results. If, for example, all the·· children in the 
samples taken f~om each of the racial groups had an optimum 
nutrition status, then the variables which measure nutrition 
status would .all be relatively constant. It is necessary, 
therefore, that a range of nutrition levels should occur in 
the population we are studying, before we can detect a rela-
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ship between the level of nutrition and a particular variable. 
Since we have covered four racial groups which vary consider-
ably in respect of socio-economic status and dietary habits, 
,it seems highly likely that a sufficiently wide range of· nu-
trition status levels will have been observed. We have re-
marked earlier that the racial groups did not differ markedly 
in respect of protein status. This would explain why in the 
factor analyses, the best biochemical estimator of protein 
status viz. serum albumin, only carne out as the lOth factor. 
The quality of our investigation could have been improved had 
the sample also included overtly malnourished children, but 
the range of nutritional levels observed is probably wide 
enough for reasonably reliable deductions to be made. 
Having put forward the above reservations, we can now 
proceed with a discussion of the biological implications of 
the results. 
In general, it would appear that principal component ana-
lyses have played a useful part in identifying the biological 
characteristics measured by each discipline. The procedure 
was highly successful in the case of the somatometric vari-
ables, where some 93 percent of the. variation was explained 
by three clearly definable and intelligible components. Thus, 
if we measure the most important variables of these components, 
we can rest assured that we are obtaining almost all the infor-
mation concerning the way in which one individual differs from 
another. The consistency of the result across the four racial 
groups would imply that the results are generally applicable. 
The principal component analyses further provided insight 
which assisted in interpreting the result of the discriminant 
analysis between the White and Bantu racial groups. The find-
ing that these groups differed primarily in respect of skele-
tal· proportion should be of considerable value to the biolo-
gist. This result has never, to our knowledge been demonstra-
ted in this way. The further application of a canonical ana-
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lysis, followed by a stepwise regression analysis (Chapter 
6.4) which suggested that the same difference in skeletal pro-
portion ~~uld be r~lated to nutrient intake, has ~erved to 
prov~de further evidence on a highly controversial issue, viz. 
whether differences betw-een th~ various racial g:oups are 
primarily nutritional or genetic in origin. 
The finding when, considering the biochemical variables, 
that the four racial groups differed primarily in respect of 
the parameter known to relate to inflammatory conditions, is 
interesting. This result had hitherto, not been mentioned in 
reports on the Pretoria surveys. 
The clear differentiation between the racial groups which 
was possible on the basis of the variables from all the diffe-
rent di~ciplines, ~s remarkable and should stimulate further 
research into the cause of the differences. 
The canonical and trace correlations between the nutrient 
intake variables and the somatometric variables have provided 
an impartial and objective indication that a relationship 
I 
exists. This is most useful in that it indicates that, in 
some measure at least, nutrition status can be estimated by 
' 
the somatometric variables. In a similar way, it has been 
shown that nutrition status can be estimated somewhat more 
accurately.by the biochemical variables. These are, however, 
somewhat more expensive and difficult to obtain. 
The three factor analyses have indicated very strongly 
that the various disciplines in themselves tend to form con-
ceptual entities, This conclusion is supported by the results 
of the cluster analysis. The disciplines then, tend to supple-
ment each other rather than to replicate the same information. 
(The extent to which each discipline measures the same infor-
mation has, of course, been indicated by the canonical corre-
lation coeffient). This result should prove encouraging to 
the biologist since it confirms that the categories (disci-
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plines) which have evolved over many years are, after all, 
reasonable and coherent. This is, for example, particular-
ly true .of the biochemical and haematological variables 
which are both measured in the blood, but which in the factor 
analysis have emerged as different, and well-defined factors. 
We now come to the main subject of the present study: 
To define that subset of variables which should be selected 
for the assessment of nutrition status. If the reader is 
hoping for a single, final and clear cut answer to this ques-
' 
tion, we fear he will be disappointed. Our results, do how-
ever, provide certain guide lines as to what choice should be 
made under a given setof circumstances. 
Since the disciplines tend to supplement one another, it 
is clear that if it is d~sired to ass~ss the nutrition status 
to the highest possible degree of accuracy~ most if not all 
of the disciplines would have to be involved. Because, how-
e~r, of the interrelationships which exist as detailed in 
the preceding chapters, a reasonable index of nutrition sta-
tus can be obtained with fewer disciplines. The simplest and 
most direct approach would be to measure certain of the soma-
tometric variables which, as we have seen, reflect the proper-
ties of general body size~ body fat and soft body tissues. 
It would appear desirable that each of the three components 
should be measured. 
The optimum subset of the somatometric variables which 
best relate to nutrient intake has been indicated in Table XX. 
These variables were virtually the same as those which best 
separated the Whit'e and Bantu racial groups. We would then 
suggest that a selection of the best somatometric variables 
be ma~e in sbch a way as to ensure that all three components 
are represented. For example, intercristal width~ biacromial 
width~ ulnar length and height could be taken as representing 
both general body size and skeletal proportion, which we have 
seen, may be affected by nutrition. The triceps and subscapu-
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lar skinfo l,d measureme,nts could be taken for estimating body 
i£!· The upper arm circumference could be taken for estima-
ting soft body tissue. 
This represent more than half the somatometric variables, 
and it could well be argued that the research worker might as 
well measure them all and should at least include weight. One 
need not, however, necessa~ily follow the above selection. In 
the principal component analysis on the somatometric variables 
we found that'the loadings within the components did not vary 
greatly in size. Therefore, the choice of a particular vari-
able can, to .some extent, be based on corvenience. If we 
therefore, suggest that weight and height be measured as an 
index of general body size~ triceps skinfold as,an index of 
' . ' 
body fat and upper arm circumference as an index of soft body 
tissue~ we will have a selection of variables which is almost 
as good as the ones proposed above, but which can be taken 
far more readily, since these measurements can all be observed 
without the subject having to undress. (An allowance could be 
made for the contribution of the subject's clothes to the 
I 
weight)., 
The so'matometric variables can, however, only give a 
general in4ication of nutrition status and, if a poor nutri-
tion status is observed, will not indicate the nature of the 
dietary deficiency. To do this, it would be necessary also 
to measure ce~tain biochemical variables. It can be seen 
from Table XXVI (Chapter 8.5), that the factors l & 7, rela-
ting to general ~ody size and tissue body fat, can be esti-
mated by the somatometric variables. The inclusion of cer-
tain biochemical variables would further permit the assess-. 
ment of factors nos. 3, 4, 6, 8 and 10, relating to serum 
protein fractions and antibody-producing infections~ ci~cula­
ting body fats~ nicotin~c acid metabolites and protein status. 
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The inclusion of the biochemical variables thus repre-
sents a considerable increase in the scope of information 
presented but at the same time implies a considerable increase 
in the cost. The research worker is now faced with a choice: 
Does he wish to measure a few factors with a high degree 
of accuracy or a number of factors with a lower degree of 
accuracy? In the former case, he would measure all variables 
with high factor loadings (Table XXVI) for those factors in 
which he is interested. In the latter case, he would measure 
only one or two variables with high loadings in each of a num-
ber of factors. This decision can obviously best be made by 
the biological research worker in the context of a specific 
problem. It may well be that in the population he wishes to 
study, he has reason to suspect the existence of a vitamin 
deficiency. In this case, the inclusion of the appropriate 
fac~or is obviously required. A reasonable general choice of 
the biochemical variables would be: serum cholesterol~ to pro-
vide an indication of serum fats, they- and a.-globulins to 
provide a measure of inflammatory and chronic infection, serum 
albumin to provide an indication of protein status and 2-
pyridone with possibly urinary riboflavin to provide an indi-
cation of vitamin status. This represents only 6 of the 22 
biochemical variables measured in the present study. 
A similar argument would hold in respect of the haemato-
logical variables. These do not appear to play a direct role 
in the assessment of nutrition status. They do, however, re-
flect the general health of the subject, since ill health 
might lead to poor eating and this, over a long period would 
result in malnutrition. The inclusion of certain haematolo-
gical variable~ could thus be motivated, especially since a 
blood sample would, in any case, have to be taken if certain 
biochemical variables were to be measured. If included, the 
best variables would probably be haemoglobin and haematocrit 
for estimating oxygen uptake and possibly neutrophils and 
lymphocytes, for measuring the extent to which the body is 
combatting infection. This result is confirmed by both the 
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factor analyses and the relevant principal component 
analysis. 
The dietary variables clearly have considerable impor-
tance in the assessment of nutrition status. This is confir-
med by the fact that they have come out either as the second 
or third factors in the factor analysis. They are, however, 
both costly and difficult to measure and their inclusion could 
probably not be motivated on the basis of a careful study of 
the cost in relation to information gained.· 
Clearly the above results depend to some extent, on the 
population groups studied. They should, however, be reasona-
bly applicable to any population group in South Africa. 
In Chapter 8.5 we pointed out that communalities could 
be used to identify redundant variables i.e., variables un-
related to the general information content of the data set. 
These were listed in Table XXVIII. We prefer, on the whole, 
however, to approach the problem from the view point of only 
including those variables whose inclusion can be motivated 
because they are needed to measure a specific factor. We 
would, therefore, rather base our choice on the loadings in 
the factor analysis, or if greater detail is required, on 
the eigen vectors in the principal component analysis. 
It should be no cause for disappointment that the present 
study has not provided a final answer to the problem;of assess-
ing nutrition status, as formulated in the opening chapters. 
We have, in effect, required that variables themselves tell 
us something about the aspects which they are measuring, - an 
almost impossible task. There is no doubt that the study has 
contributed considerably to our understanding, both of the pit-
falls and potential of the various statistical techniques and 
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of the underlying characteris~ics. of the biological variables. 
ft is aurely worthy of note that information which has been 
painstakingly gathered by biologists over many centuries~ can 
be confirmed by a multivariate statistical analysis of a well-
planned multidisciplinary survey. 
.. 
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